BILLION BOARD FEET 


MILLION TONS, AIR DRY 


ALL LUMBER CONSU MPTION 


SOFTWOOD LUMBER 


HARDWOOD LUMBER 


BILLION 


MILLION 


HARDWOOD PLYWOOD & VENEER, 


Vv. 
HARDBOARD, SQ. FT. 3/8" EQUI 
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Proof against 


Vestibule doors 

Darien Jr. S., Darien, 
Product Roddis 

Plywood Corp., 

Marshfield, Wis. 


weather 


(and thousands children!) 


exterior flush doors bonded with 300 


Spread with MELURAC 300, cross- 
banding emerges from glue 
spreader ready applied 
Roddis door core. 


After placing door layups between aluminum 
caul boards, operators ready automatic press 
loader. Press accommodates panels. 


visitor New England once 
counted 136 kinds weather 
hours! But these Connecticut- 
located Roddis Flush Doors can take 
it! For core, crossbandings and face 
veneers are permanently bonded with 
weatherproof MELURAC® Resin 300. 
melamine-urea-formaldehyde ad- 
hesive highest quality, MELURAC 
300 offers neutral, boil-resistant 
glue line ideal for exterior well 
interior applications. 


What’s more, you can make 
exterior doors and plywood com- 
petitive costs because MELURAC 
long working life, easy mix 
and spread needs only moderate 
curing temperature. 


Build yourself better exterior 
better exterior grade 
with you your application. 


AMERICAN Ganamid COMPANY 


Rockefeller Plaza, New York 


Canada: North American Cyanamid Limited, Toronto Montrec 
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TWO EXTRA BOLTS the end 
housing every Allis-Chalmers 
ball bearing motor are the proof 
extra protection against bearing fail- 
ure. These are the bolts that hold 
the bearing cap tightly place 
against the inner face the bearing 
enclosure. This cap, with its close 
running clearances, keeps grease 
from the interior the 
retains ample supply within the 
bearing enclosure protects the 
grease and the’ bearing against con- 
tamination from dirt and moisture. 

the outer side the bearing, 
double labyrinth seals keep grease 
in, also keep dirt out. What’s more, 
large grease reservoirs act addi- 
tional dirt traps. 

Result? Allis-Chalmers motors 
pay off longer, trouble-free bear- 
ing life, lower motor maintenance. 


URNAL FPRS 


motor superiority 


see 


takes 
give full bearing 
protection 


Get all the facts judge for yourself Compare Allis-Chalmers motors 
with other motors. Get the six-bolt construction that gives you complete bear- 
ing protection. For proof, see your Allis-Chalmers Office Authorized 
Distributor, write Allis-Chalmers, Milwaukee Wisconsin. 


ALLIS-CHALMERS 


WKS. 
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producing adhesives, Reichhold first 
manufactures both formaldehyde and phenol 


and then uses these chemicals make resin 


basic... glues. This operation means 


bring you better 


that Reichhold offers you your resin 
glue purchases all the advantages inher- 


ent primary quality control. For full de- 
tails about RCI resin adhesives for your 


specific needs, please write: 


REICHHOLD CHEMICALS, INC. 525 NORTH BROADWAY, WHITE PLAINS, 


Creative Chemistry... 


Your Partner Synthetic Resins 


Chemical Colors 
Phenol 

Glycerine 

Phthalic Anhydride 
Maleic Anhydride 
Sodium Sulfate 


Sodium Sulfite 
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Double Surfacer For finest production plan- 
ing. Direct Motor Drive. Feeds, ft. per 
minute. Variable speed feed with Micro-feed Selector. 


302 Automatic Shaper Double Spindle. Four 
Slide feature. Motor driven belted spindles. There’s 
Whitney Shaper for every shaping need. Send 


Safety features. and 44” widths. your requirements. 


~ 
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Profits the future will made those who plan 
ahead today modernizing their plants and replac- 
ing old machines. 


Whitney can help you big share those profits 
because Whitney woodworking machines are designed 
for faster feeds, increased efficiency and with the stamina 
required handle heavy schedules lower operating 
costs. 


Check your present equipment now. may not worn 
out but could costing you the price new machines 
slow, inefficient operation. 


Let help you with your problems. will gladly 
furnish you with complete information any Whitney 
production machine. Write, wire phone for latest 
BAXTER WHITNEY SON, INC., 
Winchendon, Mass. 
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600 New-matic Facer Eliminates waste rough 
mill operation. Also for glued-up panels and cores. 
Rugged construction. Revolutionary design. highly 
efficient machine. and 36” widths. 


177 Tilting Arbor Variety Saw Totally enclosed, 
fan-cooled, motor mounted arbor. The precision 
saw for quality production and all-around sawing. 
Low maintenance. 


Back Knife Lathe For low cost turnings 
dia. and 50” sizes. 3-speed V-Belt Motor Drive. 
Low installation and operational costs.. 
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WOOD-LOK 3026 produces handling 
bond little minutes. And often 
reaches machining strength less than 
one hour. 
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Skilled craftsmen use the finest materials uphold 
Southern reputation for unsurpassed quality— 
and permanency! Each part hand turned and carved 
from selected hardwoods—and then carefully assembled 
and adjusted with easily applied WOOD-LOK 3026, 
ready-for-use cold run resin glue. 


Church Furniture Company 
Manufacturers Church and Institutional Furniture 
Division Southern Desk, Hickory, North Carolina 


strength. 


DHESIVES 


WOOD-LOK 3026 provides WOOD-LOK 3026 simplifies the gluing 
minute open assembly and lining pe- 
riod without fear chilled joints loss 


long grooves. stays fluid Nation- 
one-pint squeeze-applicator for fast, 
uniform spreading. 


SPECIAL OFFER! Write for gallons WOOD-LOK 3026 and 
mentary glue applicator—on trial and approval basis! 


NATIONAL ADHESIVES (Resin Division), Dept. JF, 270 Madison Ave., New 
3641 So. Washtenaw Ave., Chicago 735 Battery St., San Francisco 
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Executive Officers 


President 
Carr, Sacramento, Calif. 


President-Elect 
Christian, Tallulah, La. 


Vice President 
Bescher, Pittsburgh, Pa. 


Past President 
Pauley, Tacoma, Wash. 


Executive Secretary 
Frank Rovsek, Madison, Wis. 


e 
Regional Board Members 


Southeast 


South-Central 
Eason, Memphis, Tenn. 


Northeast 
Parrish, Gardner, Mass. 


North-Central 
Alfred Hall, Madison, Wis. 


Northwest 
Ritchie, Tacoma, Wash. 


Southwest 
Shreck, San Francisco, Calif. 


Publications Committee 


Chairman 
Edward Locke, Madison, Wis. 


THE JOURNAL THE FOREST 
PRODUCTS RESEARCH SOCIETY 
published February, April, June, Au- 
gust, October and December the Forest 
Products Research Society, Box 
2010, University Station, Madison 
Wisconsin. Entered Second-Class Mat- 
ter, April 1952 the Post Office, 
Madison, Wisconsin. 


Annual subscription rate, $15.00; single 
except October Annual 
Proceedings Number, $7.00 Annual sub- 
Scription rate $11.25 with voting, 
associate, and supporting memberships 
the Society. Remittances should made 


payable the Forest Products Research 
Society. 


Correspondence editorial matters 
sho addressed the Editor, the 
Exccutive Office. The Society not 


for views expressed 


JGURNAL 


FPRS 


JOURNAL THE 


FOREST PRODUCTS RESEARCH SOCIETY 


Vol. IV, No. 


CONTENTS 


Opening FPRS 1954 National Annual 
Special Feature—America’s Demand for 


TECHNICAL SESSION I—PACKAGING 


Requirements for Good Furniture Ware 
Testing Furniture Insure Good Balster 
Handling Small Parts Pallet Boxes (Inter and Intra Plant Irwin 
Preservation and Packing Automotive Vehicles and Components for Export Ship- 


TECHNICAL SESSION II—WOOD COMPOSITION BOARD 


The Use Plastic Surfaced Composition Board Home and School Furniture 


The Effect Particle Size and Shape the Strength and Dimensioral Stability 
Resin Bonded Wood Particle Panels Turner 


The Manufacture General Purpose and Decorative Pressed Wood Boards 

The Manufacture Molded Articles from Resin Bonded Granulated Wood 

Extruded Resin-Bonded Wood-Particle John Crafton 


TECHNICAL SESSION MACHINING 


Development Work Wood Petter, Jr. 
Machining Tests Wood with the Davis and Harold Nelson 
Wood Machining Research with High Speed Motion Pictures 

Research Machining Wood with Coated Franz and Hinken 


TECHNICAL SESSION IV—WOOD DRYING 


Improving the Thermal Efficiency Dry Hoyle, Jr. 
Steam Consumption the Kiln Drying Western Virgil Davis 
The Outlook for High Temperature Seasoning Ladell 
The Effect Time, Temperature, and Relative Humidity the Relief Case- 

Alleviating Bow Crook Southern Yellow Pine Dimension with Chemicals 

High-Temperature Drying: Its Application the Drying Lumber 

The Effect Rays the Differential Shrinkage Red Morschauser 


TECHNICAL SESSION V—GLUES AND GLUING 


The Bonding Characteristics Melamine Fortified Ureas 

Advances Polyvinyl Acetate Glues for McCormack 
Evaluation Glues and Glued Blomquist 
Gluing Pressure-Treated Wood with Penacolite Adhesives 

Production Gluing High Strength Berry 


Application Impreg for Die Models and Patterns_R. Seborg and Vallier 


Designing with Glued Wood Fuller 


TECHNICAL SESSION VI—GENERAL 


Liability Manufacturers Forest Products Industries for Harm Done the 


Reducing the High Cost Information Using the Statistical Approach 
Research 


Canadian Standard Specifications and the National Building Code 
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wood 


ELECTRONIC GENERATORS 
and 


HYDRAULIC PRESSES 


CONTRACT 
COMPLETE SERVICE 


The illustration shows typical THERMATRON edge bonding instal- 
lation, including the high frequency generator and hydraulic press. 
handles the job fraction the usual time, saving expensive 
manpower, storage space and costly hand clamping. 


And because THERMATRON’s own edge bonding presses and panel- 
to-frame presses are hydraulic, you can sure low maintenance 
and operating costs. Never any power wastage due unavoidable air 
leaks; continuous compressor operation. 


You can depend THERMATRON equipment, backed Radio 
Receptor Co.’s more than years experience radio and electronics! 


Let show you how THERMATRON’s “complete package” deal can 
step your production picture. Write today for bulletin 


Division 


COMPANY, INC. 


SALES DEPARTMENT: 251 WEST 19th STREET, NEW YORK 11, WAtkins 4-3633 
Chicago Sales: 2753 West North Avenue Factories Brooklyn, N.Y. 
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IMPORTANT 
INDUSTRY DATES 


November 1954: Two- 
day Upper Mississippi Valley 
Section Meeting St. Paul, 
Minn. 


November 4—5, 1954: North- 
east Section Meeting New 
York City. 

December 1-2, 1954: Great 
Lakes Section. 

December 1954: West- 
ern Forestry Conference, San 
Francisco, 

February 1955 (tenta- 
Pacific Northwest Sec- 
tion Meeting Seattle, 
Wash. 

March 1955: Eastern 
Canadian Section Annual 
Meeting Chateau Laurier, 
Ottawa. 

March 1955: Executive 
Board Meeting Madison, 
Wis. 

June 20-23, 1955: 1955 NA- 
TIONAL MEETING Seattle, 
Wash. 


Order Beautiful Gold Finish Lapel 


Pin Now Only 75¢ 


This attractive green and gold FPRS 
lapel pin now available. will iden- 
tify you active supporter Wood 
Industry Send coupon with 
Drawer 2010, University Station, Madi- 
ceive framable FPRS wall certificate. 


Please send Attractive New 
FPRS Lapel Pin for personal 
use. 


(city and state) 


Find cents enclosed cover 
cost (or enclose you also 
desire wall certificate). 
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CONTENTS 


(continued) 
Page 
TECHNICAL SESSION VII—WOOD FINISHING 
Factors Considered Force Drying Wood Brown 339 
Natural Wood Finishes for Exteriors Laughnan 343 
Testing Finishing Materials for Lubeck 346 
Evaluation Floor Robert Blumenstein 356 
Ovens for Forced Drying Wood Wallace Herdlein 358 
TECHNICAL SESSION CONTROL 

The Human Angle Quality Sooy 360 
Translating Quality Control Facts Into William Price 360 


Dimensions and Tolerances for Machined Furniture Parts 


Survey Grades the Hardwood Plywood Butler 370 
Applications Some Statistical Quality Control Techniques the Manufacture 


Woodworkers’ Industry Show 


Around the World Forest Products 
Abstracts Important Wood Industry 72A 


SMOOTH, 
SQUARE FINISH 


with DELTA 
Jointer 


four cutting knives 4100 r.p.m. the Delta jointer cuts one-third faster than 
3-knife machine. 


ACCURATE—and stays accurate; built-in precision for years steady, hard use. 


BIG work-area; fence tilts 45° either way, adjustable any 
position. 


SAFE—practical cutterhead guard provides maximum protection; working parts easily 
accessible, safety type switch easily locked. 


MONEY construction, lubricated-for-life ball bearings, speed and 
accuracy all mean exceptionally low operating and maintenance cost. 


¢ 


The DELTA BIG Woodworking Tools 


Radial Saw—4 models 
Circular 10”, 12” 


Delta Power Tool Division 

Rockwell Manufacturing Company 
Band 20” 700K Ave., Pittsburgh Pa. 
Planer—13” 


D Please send me the new Delta AB-54 catalog 


O Please send me the name of my nearest Delta 


dealer 
Nome 
DELTA 
QUALITY POWER TOOLS 


Another Product Rockwell 


7-A 


(name) 
(street) 


DOWNINGTOWN HARDBOARD MACHINES HELP CONVERT LUMBER 
BY-PRODUCTS INTO PROFITABLE BUILDING MATERIAL 


Downingtown Fourdrinier-Type Hardboard Forming 
Machines and Press Sections are playing increasingly 
important role great new industry. Bark, slabs, 
chips and other lumber manufacturing by-products, 
which were once burned, are now being successfully and 
economically converted into hardboard for American 
homes. Pulp mills also use Downingtown Hardboard 
Machines manufacture hardboards from available 
stands hardwood, undesirable for pulp. 


Downingtown Hardboard Machines are now operating 
several important lumber producing areas and quickly 
repaying their costs the profitable utilization what 
was once material. Similar Downingtown 


machines are built produce insulation and wallboards 
all types. 


Downingtown Sales Engineer will glad discuss 
any these machines with you. write for Bulletin 549. 
DOWNINGTOWN 


MANUFACTURING CO. 


John Roslund, 
Pacific Building, 


DOWNINGTOWN, PA. Oregon 


OCTOBER, 


West Coast Representative: 


AND FELT MACHIN SINCE 
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ALABAMA 
Smith Lumber Co., 


Crossett Co., Crossett 
Dierks Lumber Coal Co., Mountain Pine 
Southern Lumber Co., Warren 


CALIFORNIA 
California Redwood Association, San Francisco 
Carr Co., Sacramento 
Crane Mills, Corning 
Pine Co., Dinuba 
National Wood Treating Corp., Oroville 
Scott Lumber Co., Inc., Burney 
Tarter, Webster Johnson, Stockton 
Winton Lumber Co., Martell 
Wood Lumber Co., San Francisco 


GEORGIA 
Southern Wood Preserving Co., Atlanta 


IDAHO 
Potlatch Forests, Inc., Lewiston 


ILLINOIS 
The Dean Company, Chicago 
General Electric, Illinois Cabinet Plant, Rock- 
ford 
Greenlee Tool Co., Rockford 
Edward Hines Lumber Co., Chicago 
Illinois Interior Finish Co., Chicago 
Johnson Carlson, Chicago 
Masonite Corp., Chicago 
Mattison Machine Works, Rockford 
Pressed Steel Car Co., Inc., Chicago 
Sherwin-Williams Co., Chicago 
Steger Furniture Mfg. Co., Steger 
INDIANA 


The Dunbar Furniture Mfg. Co., Berne 
National Homes Corp., Lafayette 


Chapman 


Indianapolis 
IOWA 
Curtis Co. Inc., Clinton 
LOUISIANA 
Hodges Industries, Inc., Shreveport 
Louisiana Long Leaf Lumber Co., Fisher 
MARYLAND 
National Store Fixture Co., Inc., Odenton 
Wells, Salisbury 
MASSACHUSETTS 
Draper Corp., Hopedale 
Heywood-Wakefield Co., Gardner 
Spalding Bros., Inc., Chicopee 


MICHIGAN 
Baker Furniture, Inc., Grand Rapids 
The Dow Chemical Co., Midland 
Everett Piano Co., South Haven 
The Lloyd Manufacturing Co., 


MINNESOTA 
Machine Co., Minneapolis 
Rilco Laminated Products, Inc., St. Paul 
Wabash Screen Door Co., Minneapolis 

MISSOURI 
Monsanto Chemical Co., St. Louis 

NEVADA 
Vaughn Millwork Co., Reno 

NEW YORK 
American Defibrator, Inc., New York 
Borden Co., New York 
Peter Cooper Corps., Gowanda 
Oval Wood Dish Corp., Tupper Lake 
Reichhold Chemicals, Inc., White Plains 
United States Plywood Corp., New York 

NORTH CAROLINA 
The Champion Paper Fiber Corp., Canton 
Deluxe Saw Tool Company, High Point 

OHIO 
The Baker Wood Preserving Co., Columbus 
Baldwin Co., Cincinnati 

Manufacturing Company, Painesville 
The Kirk Blum Mfg. Co., Cincinnati 
Moraine Box Company, Dayton 
OREGON 
Plywood Corporation, Portland 
vans Products Co., Coos Bay 
orest Fiber Products Co., Forest Grove 
Neils Lumber Co., Portland 
Lumber Co., Baker 
West Coast Lumberman’s Assn., Portland 
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The Wood-Worker Veneers and Plywood, 


PENNSYLVANIA 
Blaw-Knox Company, Pittsburgh 
Firth Sterling Steel Carbide Corp., Pittsburgh 
Koppers Company, Inc., Pittsburgh 
Perkins Glue Co., Lansdale 
United States Steel Homes, Inc., Harrisburg 
Wood Metals Industries, Inc., Kreamer, Syn- 

der County 


SOUTH CAROLINA 
Lightsey Brothers, Miley 


TENNESSEE 
Bruce Co., Memphis 
Chapman Chemical Company, Memphis 
Memphis Hardwood Flooring Co., Memphis 
Nickey Bros., Inc., Memphis 


TEXAS 
Cameron Co., Inc., Waco 
Kirby Lumber Corporation, Houston 


VERMONT 
Fyles Rice Co., Inc., Bethel 


WASHINGTON 
American Marietta Co., Seattle 
Deer Park Pine Industry, Inc., Deer Park 
Douglas Fir Plywood Association, Tacoma 


MODELS and 
SAW MILLS 


Built withstand rugged service with 
continued accuracy, fast cutting and 
economical operation. Enterprise 
has been building machinery for 
over 75 years and our engineers 

have continued to incorporate 

all the latest advancements 

and improved designs in 
our standard sawmills. 
Special mills built to 
your individual re- 
quirements, related 
sawmill machinery 

and complete 

layout plans are 
available. 

Write for 


. 


COMPANY SUPPORTING MEMBERS 


The Long-Bell Lumber Co., Longview 
Simpson Logging Co., Shelton 
Weyerhaeuser Timber Co., Tacoma 


WISCONSIN 
The Buckstaff Co., Oshkosh 
Harnischfeger Corp., Port Washington 
Marathon Corp., Rothschild 
Mosinee Paper Mills Co., Mosinee 
Murray Mfg. Co., Wausau 
Paine Lumber Co., Oshkosh 


ALASKA 
Ketchikan Spruce Mills, Ketchikan 


CANADA 

British Columbia Lbr. Mfrs. Assn., Vancouver, 

Canadian Forest Products Limited, New West- 
minster, 

Canadian Siempelkamp 

Kitchener, Ont. 

The Knight Mfg. Lbr. Co. Ltd.,. Meaford, 
Ontario 

MacMillan 

Nicholson Son, Ltd., Ont 


Hamilton, Ont. 
Ltd., 


Limited, Nanaimo, 


ENTERPRISE 
From FOREST 


FINISHED 
PRODUCT 


in. 
BAND SAWS 


Especially designed to per- 
form multiple sawing oper- 
ations under Seay produc- 

tion schedules, with 
speed, accuracy and 
low operating costs. 
Principal features in- 
clude: 


Massive construction 


e 

e Ball bearing guides 
e Handwheel tilt table 
e 


16 or 23 in. under guide 
Models for cutting 
wood—metal—plastics 
burlap—paper—rubber 
Send for Bulletin 205—NOW 


Model P-24 
PLANER 


A heavy duty, precision 
built single surfacer de- 
signed to produce’ a fine 
finish on a variety of 
planing jobs. Costly extra 
operations can be elimindted 
by obtaining a quality fin- 
ish cut first on a Crescent 
Planer. 

Join the many users, in 
pattern shops, manual 
training schools, furniture 
factories, and other indus- 
trial plants who have dis- 
covered that fast high speed 
planing with Crescent 
means low cost end prod- 
ucts. For complete details 
of Models P-18 and P-24 
Planers, write for free Bul- 
letin 204, 
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Modernize with DIEHL, for volume 
bigger profits! 


built many years ago was fine for the job had 
do... many years ago! But today’s com- 
petitive market where costs must counted 
fractions means that out-of-date, 
out-of-pace obsolete machine must 

Modern machinery designed for precis- 
ion mass-production can help solve that unit 
help you keep healthy, competitive 
position trimming production costs very 
minimum. With modern machinery you can 
duce labor costs rejects are cut down, your 


downtime worries are lessened, and the quality 
your product improved. Delay replacing 
those old machines means profits 
nite expense. 


defi- 


Typical modern 
machinery the 
#99 Saw, of- 
fering the woodworking 
production with single- 
precision. Entirely 
new unitized design, with 
arbor, arbor motor and 
throat plate mounted the frame. Easy opera- 
tion, reduced set-up time, consistent accuracy 
are few the advantages the rigid, vibra- 
tion-free #99. Eight powered feed rolls give 
smooth, positive feed stock eight feed 
speeds available (50-180 fpm) and operator 
safety through double kick-back guards, are im- 
portant features designed for performance. 
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Another modern ma- 
chine from the complete 
line modern woodworking 
machinery the #750 Straight 
Line Glue Joint Rip Saw. Un- 
surpassed for high-speed, tough 
sawing, for precision accuracy 
cutting straight hollow 
glue joints. Standard speeds are 
58-90-120-180 fpm; special speeds 250 fpm. 
any length 
from up. Massive, sturdy construction for long life 
and service. These are but two modern machines 

you are working with wood you need know 
them all. Each outstanding its job! 

now and for the future. Let your Diehl Represen- 
tative prove you the burden obsolete machine; 
and how modern Diehl machine can produce more 
for you less expense. 


Write today for complete line folder. 
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DEPENDABLE 
help you make better wood products 


MULTI-PURPOSE BONDS: UFORMITE 400 (high solids) and UFORMITE 
435 (low solids)—liquid urea-formaldehyde glues available 
drums, tank wagons and tank cars for stable bulk drum 
storage. UFORMITE 505—dust-free powdered (uncatalyzed) urea- 
formaldehyde glue. variety catalysts and formulations for 
trouble-free hot cold bonding, well lumber core and 
high-frequency gluing. 


COLD (OR HOT) BONDING: UFORMITE CB-553 —dust-free powdered 
urea-formaldehyde glue (precatalyzed) for hot cold bonding 
and high-frequency gluing. 


TAPELESS VENEER SPLICING: UFORMITE JS-508 one-component 
powdered glue that takes the guesswork out tapeless splicing. 
For use conventional high frequency splicers. 


BOIL-PROOF BONDS FOR EXTERIOR USE: AMBERLITE PR-14 stable, 
powdered phenol-formaldehyde resin glue for hot pressing and 
bag molding plywood. Boil-proof bonds for marine and 
other exterior uses. 


DURABLE BONDS ROOM TEMPERATURES: AMBERLITE PR-115 —an 
unmodified resorcinol adhesive for room moderate tem- 
perature bonding and high-frequency cure. For heavy laminates 
constructions where exceptional durability required. 


BONDS FOR THIN VENEERS: TEGO resin film—phenolic hot press 
adhesive dry film form. Boil-proof bonds. Especially effective 
with thin and fragile veneers. 


ROHM HAAS COMPANY 


THE RESINOUS PRODUCTS 


Washington Square, Philadelphia Pa. 


Representatives principal foreign countries 


UFORMITE, TEGO, and AMBERLITE are trademarks, Reg. U.S. Pat. 
and principal foreign countries. 


ROHM HAAS COMPANY, Resinous Products Division 
Washington Square, Philadelphia Pa. 
Gentlemen: Please send performance and technical 
data the following: 
UFORMITE 400, UFORMITE 505 
UFORMITE JS-508 TEGO dry resin film 
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BUSINESS OUTLOOK 


PROSPEROUS YEAR PRE- see the year 
DICTED—Members the ahead one in- 
Natural Resources Com- creased prosperity 


mittee, Chamber the fields lumber, 


BLACK BROTHERS have built 
more resilient roll glue spreaders 
during the past fifteen years than 
all other manufacturers. 


Unmatched speed, economy, accuracy, cleanliness and quality production... 
the No. 22D Ball Bearing, Resilient Roil Spreader far the finest glue spread- 
available for resins, caseins, and other cold glues. Gluing rolls are deeply 
covered with the fine synthetic rubber, and are specially grooved control the 
amount glue deposited and conform irregularities the stock. Water 
cooled doctor rolls are available for use with quick setting glues. Accurate, 
heavy duty ball bearings are sealed keep lubricants in, and dirt and glue out. 
Doctor rolls are heavily coated with highly polished, nonferrous surface 
accurately control the glue spread. Investigate the 22D Spreader today... 
write for supplement Bulletin 11-A. 


“If Gluing Equipment Have It” 


Number 


natural gas, light 
metals, iron and steel, 
copper, livestock, and 
pulp and paper. Reports 
from petroleum, coal, 
lead, and zine indus- 
tries are less optimis- 
tic. Lumber: Corydon 
Wagner, v.p., St. Paul 
and Tacoma Lumber Co., 
revorts production for 
1954 approaching 
sult new construction 
throughout the country. 
Wood Products: Hillman 
Lueddeman, v.p., Pope 
and Talbot, Inc., re- 
sawmill leftovers for 
new products: sawdust 
soil conditioners, wax 
and cork from Douglas- 
fir bark, wood 
sugar, alcohol, fodder 
yeast, and turpentine. 
Pulp and Paper: 
Rettig, Potlatch For- 
ests, Inc., sees 1954 
record year. 

—What’s Happening 

BUSINESS HIGH LEVEL 

business ac- 
tivity greater than 
the great postwar 
boom 1946-48... 
far above the '49 reces- 
sion and only slightly 
under mid-1950 condi- 
tions preceding the 
Korean War boom which 
peaked the middle 

(Continued page 74-A) 
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The Perkins Trade Mark your guarantee quality and relia- 
bility when you purchase glues. Since 1899, customer-confidence 
Perkins has grown steadily—a deserved tribute superior 
products backed competent service and rigid ethical standards. 
When you use Perkins Glue agree 
with other leading woodworkers—that Perkins serves you best! 


Hot Press and Cold Press Liquid Powder Type 
CASEIN—A broad line meet your specific requirement 
VEGETABLE originated and perfected Perkins Glue Co. 
ANIMAL Ready-to-use Liquid Heat-then-use Gel 

VENEER AND CORE REPAIR COMPOUNDS VENEER SIZE 
GLUE ROOM SPECIALTIES MIXERS SPREADERS BRUSHES 
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1954 


GLUING 
the Perkins Technical Service 
gluing methods will study your particular 
operations and offer where 
14-A 


FPRS Eighth National Annual Meeting 


FIGURES for the Eighth 
National Annual Meeting the 
Forest Products Research Society soared 
new high 830 for the three-day 
held cooperation the 
Woodworkers Industry Show Grand 
1954. 

The meeting was conducted 
the Hotel Pantlind and the Civic 
Auditorium. Another record was broken 
when over 4,000 wood industry execu- 
tives attended the industry show run 
Hiller and Stuart Co. the Civic 
Auditorium. 

The FPRS Executive Board met 
May before the meeting officially 
opened and made number impor- 
tant decisions. Preliminary plans were 
made proceed with the construction 
permanent executive office build- 
ing Madison, Wisconsin, possibly 
early 1955. The Board also voted, 
upon the recommendation local sec- 
tions hold FPRS’ 1956 National 
Meeting Asheville, North Carolina, 
under the chairmanship Dr. 
Harrar, Duke University, Durham, 
The 1955 National Meeting wil! 
held June the Olympic 
Hotel, Seattle, Washington, under the 
general chairmanship 
Northwest Regional Board 
John Ritchie, Director Allied 
Products, Douglas Fir Plywood Asso- 
ciation, Tacoma, Washington. 


got underway the eve- 
ning Tuesday, May for 
members, $10 for non-members. The 
FPRS Host Hour, co-sponsored 
FPRS nationally and the Great Lakes 
Section, welcomed registrants with 
freshments and conversation. 

The opening day the eighth na- 
tional Wednesday, had many 
surprises store for FPRS attendees. 
such varying fields educa- 
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TECHNICAL 


Part the hard-working National Meeting Committee. 


technical aspects wood manufacture 
met major committee meetings, 
some attracting fifty committee 
members and guests their discus- 
sions. (For committee reports refer 
contents). Then plant started, 
and were overscheduled before the first 
bus-load left the Hotel Pantlind. The 
demand for visits the John Widdi- 
comb Furniture Co., American Seating 
Co., Grand Rapids Varnish Corp., 
Mueller Furniture Co., and Stow—Davis 
Furniture Co., was great that tours 
were re-scheduled the second day 
the meeting. Features which attracted 
large numbers visitors follow: John 
Widdicomb the largest 
producers fine modern and contem- 
porary furniture the Grand Rapids 
area. The American Seating Co., with 
three-quarters million square feet 
floor space and over 2,000 em- 
largest producer 
school seating the Grand 
Rapids Varnish Corp.—produced 3,- 
750,000 gallons finishing materials 
last year which 60% was for wood 
finishing. Mueller Furniture Co., one 
the old companies Grand Rapids, 
—produces fine upholstered furniture 
and also limited line occasional 
tables. Furniture Co.— 
produces full line wooden office 
furniture from standard work the 
custom field which its pride. 

The mammoth 
dustry Show opened its doors noon 
the hundreds who were waiting 
see America’s largest exhibit wood- 
working machinery, operation, and 
many auxiliary services and supplies. 


Weyerhaeuser, Jr., speaking 
official FPRS luncheon. 


forecast big news ahead 
the wood industry during the FPRS 
meeting came with the introduction 
Weyerhaeuser, Jr., president 
Weyerhacuser Timber Co., before the 
official FPRS Luncheon gathering 
500 persons. announced 
the nearly completed study the 
Stanford Research Institute, under 
Weyerhaeuser grant, which will project 
probable demands for forest products 
through 1975. See page 181. 


Awards Presented 


Traditional and cash 
awards for outstanding 
scarch the forest products industry 
were presented winners the col- 
lege graduate and undergraduate divi- 
sions the Woodland Wood Products 
Award the FPRS Luncheon 
Koellisch, editor and manager Wood 

(Continued page 23-A) 
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PLANT 
Greenlee Double-End Tenoner cuts costs fast 


Many manufacturers have increased production, refined the quality 


their products, and reduced unit costs substantially with 
No. 545 Double-End Tenoner. This versatile machine 
performs many cost-cutting operations. holds exact sizes over 
long production runs, thus eliminating costly fitting” 
takes the place several single-purpose machines and results 
highly streamlined, efficient production flow that produces finer 


products...in less time...at less cost...to meet today’s 
market demands. 


Write for Bulletin No. 545 GREENLEE BROS. CO. 
1760 Twenty-First Avenue, Rockford, Illinois 
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TYPICAL EXAMPLES WORK 
PRODUCED THE GREENLEE 
DOUBLE-END TENONER 


Dadoing, scoring, dovetailing, 
notching, relishing, 
ing, irregular shaping are 
among the separate operations 
this machine. 
hown below are few examples: 


Blind dadoing and relishing panels 


Beveling and cutting clamp 
nail grooves 


Sizing, tenoning, and coping 
door rails 


He MACHINERY TOOLS © 
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Dadoing window frame stiles 
6 


UNEXPECTEDLY LARGE, number 
sales machinery manufac- 
turers and suppliers substantiated the 
overwhelming success the huge 
Woodworkers Industry Show held 
the Civic Auditorium Grand Rapids, 
Michigan, May 5-7, cooperation 
with the Eighth National Meeting 
the FPRS. 


Approximately 4,000 wood industry 
executives attended the 3-day exhibi- 
tion. Companies reported that they were 
surprised find customers buying 
machinery the spot”. Many exhibi- 
tors shipped their machinery direct from 
display customers’ plants the con- 
clusion the show. Sales were said 
made majority firms ex- 
hibiting. 


$1,000,000 Machinery 


There was nearly $1,000,000 worth 
machinery represented; and over 
machines actual operation were tied- 
Blum dust collector system. According 
Stuart, Grand Rapids and 
Hiller, Hartland, Wis., sponsors the 
Woodworkers Industry Show, many 
executives were thus enabled com- 
pare different makes machines and 
services action and made their 
minds and placed orders. 

Whether not the persons attend- 
ing actually bought equipment sup- 
plies, they all came away from the show 
with numerous new ideas and plans 
for the immediate future. The growing 
awareness the wood industry the 
advantages advanced mechanization 
the use modern high speed 
€quipment and methods points the way 
more aggressive spirit toward com- 
being developed the wood 
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1954 Woodworkers Industry Show Sets Records 


Newly designed automatic nailing 
machines, boring machines, moulders, 
planers, jointers, saws, finger joint ma- 
chines, tongue and groove assemblies, 
sanding machines, rough mill equip- 
ment and other types machinery 
were display—many models for the 
first time—for the inspection the 
visitors. 

Besides machinery exhibits there 
were also all types allied equipment 
and supplies. Glue presses, dry kilns, 
humidifying equipment, processing ma- 
terials, adhesives, abrasives, wood treat- 
ing chemicals, finishing materials, hard- 
board, chipboard, etc., were all repre- 
sented. 


Meet the Exhibitors 


The complete list exhibiting com- 
panies the Woodworkers Industry 
Show included. Co., 
Louis Allis Co., American Cyanamid, 
Aries Fiberboard Corp., Armstrong 
Machine Works, Co., 
The Bahnson Co., Bell Machine Co., 
Berthelsen Engineering Works, Binks 
Mfg. Co., The Black Bros. Co., Boice- 
Crane Co., The Borden Co. Chem. 
Div., Buss Machine Works, Carter 
Products Co., Inc., Machine 
Co., Coe Mfg. Co., Curtis Machine 
Corp., DeBurgh Conveyors, Delm- 
horst Instrument Co., Dependable Ma- 
chine Co., The DeVilbiss Co., The 
Diehl Machine Works, Henry 
Disston Sons, Inc., Alexander Dodds 
Co., James Donnolly Co., Ltd., 
Drake Corp., Econaway Mfg. Co., 
Ekstrom, Carlson Co., 
Heating Corp., The Enterprise Co., 
Fay Egan Co., Federal Electric 
Products, Fibresin Plastics, 
Winther Engineering, Foley Mfg. 
Co., John Fox Co., Inc., Greenlee 


Bros. Co., Earle Hart Woodwork- 
ing Mach. Co., Hawker Mfg. Co., 
Howell Electric Motors, 
Electronics, Irvington Machine Works, 
Kennametal, Inc., Kirk Blum Mfg. 
Co., Leitelt Iron Works, Lemmon 
Snoap, Mann-Russell Electronics, 
Marcoloy, Inc., Masonite Corp., Mat- 
tison Machine Works, McDonough 
Mfg. Co., Mereen—Johnson Machine 
Co., Moak Machine Tool Co., 
Moisture Register Co., Monical Ma- 
chinery Co., Monsanto Chemical Co., 
Moore Dry Kiln Nash 
Co., National Adhesives, National 
Casein Co., Nelsonite Chem. Prod- 
ucts, Machine Co., Inc., 
Noble Machinery Co., North Amer- 
ican Products Corp., Oliver Machinery 
Co., Machine Works, Perkins 
Porter Machinery Co., Porter Stuart 
Co., Powers Wire Products, Price 
Rutzebeck, Protection Products Mfg. 
Co., Radial Cutter Mfg. Co., Redco 
Tool Co., Rees Blow Pipe Mfg. Co., 
Reeve Electronics, Rockwell 
Mfg. Co., Root Co., Senco 
Products, Inc., Sheboygan Machine 
Co., Simonds Saw Steel 
Co., Solem Machine Co., 
Stalter Edge Tool Co., Standard Dry 
Kiln Co., The Tannewitz Works, 
Timber Engineering Co., Timesavers, 
Inc., The Union Tool Corp., United 
Shoe Machinery Wallace 
Walters Mfg. Co., Baxter 
Whitney Sons, Wilco Machine 
Works, Williams Patent Crusher 
Pulverizer Co., Wisconsin Knife 
Works, Wolverine Finishes Corp., 
Woodwelding, Wysong Miles, 
Machine Co. 

Seven universities and colleges ar- 
ranged for space utilizing 3x5 top 
exhibits donated the Management. 
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white oak 
replaces solid stock 
marine members 


built Unit Structures, Inc. 


KOPPERS 


4 


q 


Machine beveled, ship rib—com- 
plete and ready frame vessel. 


RADITIONAL sawed, shaped and bolted as- 

semblies solid stock have been replaced 
machine beveled white 
oak marine members built Unit Structures, 
Inc. Peshtigo, Wisconsin. The result: com- 
bination maximum strength with minimum 
weight—possible only with lamination. addi- 
tion, framing time reduced and production 
costs are lowered. 

Tough bonding jobs like this call for depend- 
able “Penacolite” Adhesives. They are easy 
work with and set quickly. bonds 
are the wood itself—and 
waterproof both salt and fresh water. find 
out more about “Penacolite” Adhesives and how 
they might help you, write today. 


KOPPERS COMPANY, INC. 


Chemical Division, Dept. FPRS-104, Koppers Pittsburgh 19, Pennsylvania 


RESORCINOL ADHESIVES 


— 


The original resorcinol, waterproof, room-temperature-setting adhesives 


OCTOBER, 1954 


= 


JOURNAL 


% 


WATER REPELLENT 
PRESERVATIVE 


CONTAINING 


PENTAchlorophenol 


—the quality water repellent preservative. 


Here’s the finest protection wood can have... 
WOODLIFE—the original water repellent wood 
preservative. Effectively protects against water 
and moisture absorption, fungus decay, swelling, 
shrinking, warping, checking, grain raising, ter- 
mites and insects. WOODLIFE actually exceeds 
the requirements the Preservative Minimum 
Standards the National Woodwork Manufac- 
turers’ Association and meets the specifications 
set-up several departments the Federal 
Government and Armed Forces. Here’s the finest 
protection wood can have! 


Send today for the informative folder, 
PRESERVATION WITH WOODLIFE”, which 


gives test data along with suggested specifications 


MANUFACTURING COMPANY 


Since 


Dept. Michigan 


ore than 


Editorial 


Pause for Reflection 


EXHAUSTIVE and soundly-reasoned analysis made 
the Stanford Research Institute covering de- 
mand for wood between 1929 and 1975 should give every 
person associated with the forest products industry 
for optimism coupled with reasonable caution. 


Optimism characteristic the very foundation our 
American economic system, present every business venture, 
and proven the best living standards people anywhere 
the world. Optimistically the Stanford Report foresees the 
demand for forest products taking our entire productive 
capacity, rising prices for the next years. 

And while the Report forecasts favorable trends for most 
segments our industry, does with the cautionary 
observation that for many, materials competitive wood 
will continue take increasingly larger proportion 
the consumer dollar. Recognition this fact should chal- 
lenge alert and incorporate technical advances 
into our thinking and our businesses are success- 
fully compete with encroaching materials. 

find out for yourself where your operation fits into 
this long-range picture recommend that you carefully 
examine the next fifteen pages which the editors have 
attempted summarize the highlights this 

The forest products industry generally and our Society 
particular are indebted the Timber Com- 
pany, through whose foresight and generosity these results 
have been made available. Weyerhaeuser provided the neces- 
sary funds for the Stanford study. When, late 1953, 
became apparent that the findings would great valuc 
other companies lumber, paper, plywood and wood 
products manufacture, they announced that the results would 
shared all. so-doing Weyerhaeuser has again dem- 
onstrated the growing spirit inter-cooperation toward 
bigger and better forest products economy which today 
welding every segment our diverse industry. 

The Forest Products Research Society was fortunate 
having Mr. Jr., president Weyer- 
haeuser Timber Company, address 500 members and guests 
our Eighth National Meeting Grand Rapids earlier this 
Referring the study then underway, said, “We 
are closer than many dared hope the day when 
all the forest products that our dynamic, growing economy 
demands can met from current forest Crediting 
true conservation, which defined the use natural 
resources, with making possible meet the fast-growing 
demands for forest products without over-cutting existing 
forests, continued that, whole log use, together with 
tree farming, lies the forest practical answer 
its critics who have cried bygone 

Competition, already keen, will become keener 
blinking the fact that competing materials have 
substantial inroads into the use lumber 
building, but lumber still the material others have 
beat; why else others advertise that their product can 
sawn like lumber, nailed like lumber, this and that like 
lumber? There still other building material with all the 
virtues and versatility And, might respectfully 
add, this same thinking applies the many composite 
materials that are emerging from our forest residues. 

Mr. Weyerhaeuser concluded the note optimism that 
“The Stanford Report most reassuring independent find- 
ing that forest products have bright 


The Weyerhaeuser Timber Company has generously 
send copy the complete Summary Report which the following 
article based any FPRS member reader. Requests should 
addressed: Public Relations Dept., Weyerhaeuser Timber Co., 
Box 1645, Tacoma 1, Washington. 
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Upgrade the quality your 
bond with Monsanto Monsanto has one the broadest lines wood 
glues, produced under highest quality-controlled 
production standards. 
Monsanto’s expanded research program con- 
stantly developing new adhesives and new tech- 
niques. 


Monsanto’s technical experts the field are ready 
advise and assist you all your production 
problems. 


Fast service from conveniently located plants from 
coast coast. 


GLUE FOR EVERY USE 
From Monsanto, Leading Supplier Adhesives 


Melamine comparable the phenolics and resorcinols 
durability, and used wood gluing applications where color- 
less glue line essential. 


Urea Monsanto has comprehensive line powder and 
liquid urea resins widely used for plywood manufacture. Also 
for edge gluing lumber clamps high frequency, and 
for tapeless splicing veneers. 


Phenolic powder and liquid form adhesives for ex- 
terior plywood other wood assemblies which are subject 
extreme exposure conditions. 


Resorcinol the only completely durable adhesives which 
will cure room temperature. Used ships’ keels, laminated 
rafters, prefabricated housing, etc. 


Casein supplied dry powders; particularly well adapted 
assembly gluing, laminating, prefabricated housing opera- 
tions, etc. 

Soybean low-cost, easy handle, unexcelled for production 


water-resistant plywood cold press and No-Clamp 
methods. 


Vinyl acetate white free-flowing emulsion, easy 
apply and modify with extenders fillers. Exceptionally 
strong and durable. For prefab home wall panels, bonding 
decorative laminates plywood, wood joint bonding, etc. 
For full information Monsanto’s complete line adhesives, 
write MONSANTO CHEMICAL COMPANY, Plastics Division, Room 
5501, Springfield Mass. 
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America’s Demand for Wood—1929-1975 


Report Stanford Research Institute, Stanford, 


Condensation report sponsored and released Weyer- 
haeuser Timber Company for the benefit the entire forest products 
industries. Four principal objectives include: Estimation consump- 
tion major timber products five year intervals through 1975; 
estimation total amount wood that will required pro- 
ducing mills order meet these requirements; explanation 
variations production and consumption major timber products 
since 1929; and development sound methods for estimating future 
levels consumption wood products and end-products. 


Economic Growth the United 
States, 


THE DEMAND for for- 
est products the size the na- 
tional economy and the ability the 
economy whole purchase these 
materials. 


attempt made this study 
forecast future short-period ups and 
downs business activity; the concern 
with long-term growth, size, and 
levels the economy. 

Logical steps analyzing the pros- 
pects for long-term growth the 
United States economy were: 


Population size, total and 
age groups. 

Labor force, total and age 
groups. 

Employment and the division 
workers between private and pub- 
lic, and between military and 
civilian, employment. 

Average hours work per week 
(or per year). 

Production per hour work, 
terms Gross National Product 
(at 1952 prices). 

Gross National Product, the 
market value all goods and 
services produced. This calcu- 
lated from the expected number 
people working, their average 
hours work, and their average 
production per working hour. 


Based the estimated Gross Na- 
tional Product, the following two series 
were estimated: 


ments individuals (the portion 
national product left indi- 
viduals, after taxes, for spending 
saving). 

contributed article. 

Study directed Beggs, Senior Econ- 


st; G. §. Gilligan, Associate Economist; 
Nielson, Research Economist. 


FPRS 


Industrial production, measure 
activity the manufacturing 
and mining segments the 
economy. 


Table records these figures from 
1929 through 1952, and the projections 
for 1960, 1965, 1970, and 1975, that 
will used throughout this report 
the economic framework 
tions for individual industries and prod- 
ucts. Table throughout the 


report, all dollar amounts are terms 
1952 price levels. 


This economic framework and other 
findings this study are based the 
general assumptions that: 


There will all-out war dur- 
ing the period covered this 
study; however, high level 
military preparedness will con- 
tinue. 


There will radical advances 
technology increase produc- 
tivity higher rate than the 
past. 


There will greater degree 
future years than the past 
twenty-five years. 
will accompanied high, but 
not full, employment. 


Table 1.—INDICATORS THE SIZE AND ACTIVITY THE UNITED STATES ECONOMY; 
ACTUAL PROJECTIONS 1960-75 


Civil- 

United Civil- ian 

States Total ian 
Popu- Labor Labor  ploy- 

Year lation Force Force ment 
(1) (2) (3) (4) 

122 49.4 49.2 47.6 
123 50.1 45.5 
124 50.7 50.4 42.4 
1932 125 51.2 51.0 38.9 
126 51.8 51.6 38.8 
126 52.2 40.9 
53.2 52.9 42.3 
128 53.7 53.4 44.4 
129 54.3 54.0 46.3 
130 55.0 54.6 44.2 
131 55.6 55.2 45.8 
132 56.0 55.6 47.5 
1941 57.4 55.9 50.4 
1942 135 60.2 56.4 53.8 
1943 137 64.4 55.5 54.5 
138 65.9 54.6 54.0 
1945 140 65.1 53.8 52.8 
1946 60.8 57.5 55.2 
1947 144 61.6 60.2 58.0 
1948 147 62.7 61.4 59.4 
1949_ 149 62.1 58.7 
1950 152 64.6 63.1 60.0 
1951 154 65.8 62.9 61.0 
1952 157 67.4 61.3 
1960 176 72.3 66.7 
1965 187 77.6 75.1 12.2 
1970__-_-- - 199 83.9 81.4 78.0 


Sources and Description Data: 


Dis- 
Gross posable 
Private Gross Income Index of Industrial 
Pro- Na- Pay- Production 


Aver- duction tion- ments 
age per In- Non- 

Weekly divid- Du- 

(5) (6) (7) (8) (9) (10) (11) 
48.5 1.45 174 136 60 56 59 
47.0 1.42 158 126 45 51 49 
47.0 1.41 146 118 31 48 40 
45.3 1.36 125 101 19 42 31 
46.0 1.33 124 102 
44.2 1.44 138 lll 30 49 40 
43.5 1.54 150 120 38 55 47 
44.2 1.62 170 138 49 61 56 
44.9 1.63 178 139 55 64 61 
43.1 1.68 170 130 35 57 48 
43.7 1.76 185 141 49 66 58 
43.4 1.87 202 149 63 69 67 
43.7 2.02 234 167 91 84 87 
45.1 2.04 262 183 126 93 106 
46.2 2.14 295 188 162 103 127 
45.9 2.31 318 202 159 99 125 
44.5 2.38 310 198 123 96 107 
42.8 2.26 280 202 86 95 90 
42.4 2.21 280 198 101 99 100 
42.3 2.25 290 203 104 102 104 
41.5 2.33 291 201 95 99 97 
41.8 2.46 316 219 116 111 112 
41.1 2.61 338 222 128 114° 120 
41.7 2.64 348 224 136 114 124 
40.1 Ol 412 268 163 141 151 
39.1 3.24 465 298 189 159 172 
38.1 3.46 527 333 221 179 198 
37.1 3.65 5R6 367 251 198 222 


Col. (1): Bureau Census; millions, continental plus armed forces overseas. 
Col. (2) and (3): Bureau Census; millions 
Col. (4): Department Commerce, Survey Current Business; millions. 


Col. (5) and (6): Derived from Dept. Commerce and Dept. Agricultural data; 
Gross Private Production per Man-Hour 1952 prices. 


Col. (7) and (8): Dept. Commerce; Billions Dollars 1952 prices. 
Col. (9), (10) and (11): Federal Reserve Bulletin, December, 1953: Index, 1947-49 100. 


All projections Stanford Research Institute. 
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Factors Affecting the Long-Range 
Demand, Supply, and Price 
Forest Products 


lumber, pulp, and plywood—are ex- 
pected take per cent total 
wood requirements, including all sizes 
and grades material, and per cent 
sawlog-size wood. 

Much the demand for these forest 
products, materials that compete with 
stems from three principal fields: 
construction, shipping containers, and 
manufactured products. 

Because each these forest products 
actively competes each these mar- 
kets with numerous other materials, the 
future level forest-products consump- 
tion the United States will depend 
large extent the prices forest 
products relation the prices 
competing materials. Estimates future 
forest-products consumption without 
regard price are meaningless. This 
study probable market demand 
for forest products, not what people 
might like have, what someone 
thinks are the nation’s needs. 

mand will depend the level 
activity these major markets, the 
available supply forest products and 
the cost making them, the rela- 
tionship between the price each 
forest product and the prices com- 
peting materials, and changes 
technology and consumer acceptance. 


Long-Range Outlook for 
Construction 


Table shows expenditures (at 1952 
for major types new con- 
struction the United States from 
1929 through 1952, with projections 
for 1960, 1965, 1970, and 1975. These 
projections are based the past rela- 
tilonships between construction expen- 
ditures, population, and Gross National 
Product. 

Within the industrial, commercial, 
and public utility group, rise pub- 
more than offset substantial reduction 
government expenditures for atomic 
energy facilities and other industrial 
plant. 

The sharp increase the classifica- 
tions” primarily for school buildings, 
reflecting per cent increase 
school-age population between 1950 
and 1975. 

The outlook for residential construc- 
tion activity can also terms 
the expected number housing 
starts. The projection nonfarm hous- 
ing starts based past relationships 
between new nonfarm housing 
and total population, annual changes 
population, levels real disposable 
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income, and trend. Farm housing starts 
are projected the basis that the num- 
ber farms likely decline 
about 10,000 per year 1975, but the 
number dwelling units* per farm 
expected increase from the 1.2 
1950 1.3 1975 farms become 
Jarger and the population per farm (in- 
cluding hired hands) increases. Taking 
into account the replacement farm 
dwelling units that has occurred the 
past, the following projections new 
housing starts result: 


Nonfarm Farm Total 
es 1,320,000 85,000 1,405,000 
1965_-- 1,470,000 85,000 1,555,000 
1,650,000 85,000 1,735,000 
1975 1,860,000 85,000 1,945,000 


Replacement existing units ex- 
pected account for growing por- 
tion the projected 
ranging from around 500,000 housing 
units per year the late 1950’s 
around 700,000 1975. Replacement 
does not imply the literal picture one 
house being torn down and another 
erected its place. Rather, replaced 
housing unit may torn down, stand 
vacant for indefinite period, 
converted some non-housing use; the 
unit that replaces will normally 
built elsewhere. possible that 
high rate replacement 
reflected higher vacancy ratios than 
have been customary the past. 


residential unit with cooking 
facilities, whether single houses apartment- 
type structures. 


Long-Range Outlook for Shipping 
Materials 


Shipping containers, distinguished 
from packing materials such 
board and glass, can divided gen- 
erally into two main groups: 

The box and crate type, used pri- 
marily for shipping packaged 
goods and finished 
finished products, and 

The bag- and drum-type, 
primarily for materials shipped 
liquid bulk form. 

determine what change 
curred demand for shipping 
ers, the various materials used ich 
group were converted the 
annually. Allowing for the 
weight each type material, cll 
containers, the number 
containers was calculated for cach 
from 1940 through 1952. 
both container types fluctuates 
trial activity, measured the 
eral Reserve Board Index Indus: 
Production. Total demand for shipp 
increase per cent between 1952 
and 1975. Competitive shifts 
ous materials within 
container type from 
1952, and the expected further 
from 1952 1975, are shown 
Table 


Table 2.—NEW CONSTRUCTION EXPENDITURES; ACTUAL, 
AND PROJECTIONS, 1960-75 


(Billions 1952 Dollars) 


Industrial, Schools, 

Non- Commer- Hospitals 
farm cial and and 
Resi- Public Insti- 

Year dential Utility tutions 
8.8 8.3 1.6 
6.9 
4.2 4.2 1.6 
2.1 24 0.8 
1.4 0.5 
a 1.8 1.8 0.8 
3.0 2.2 0.7 
5.1 3.9 0.9 
7.6 4.1 0.7 
1941___ 8.7 7.5 0.7 
4.7 9.2 0.6 
1943_ 3.3 4.8 0.4 
1944_ 1.9 4.1 0.4 
2.1 4.3 0.4 
1946___ 6.8 6.7 0.6 
1947__ 8.3 6.4 0.9 
1948__ 10.0 6.7 1.4 
1949 __ 10.3 6.3 2.5 
ee 14.5 6.6 2.5 
1951__. 12.1 8.5 2.8 
11.8 9.0 2.7 
ae 13.6 8.0 3.2 
1965_.- 15.0 8.7 4.1 
1970 9.8 “4.7 
19.5 10.8 5.1 


farm residential. 
Source: Actual—U. Department Commerce; 


Mili- Other Total New 

tary Non- Non- Con- 
High- and Resi- Resi- struc- 
ways Naval dential! dential! tion 
3.0 0.0 3.6 16.5 25.3 
3.6 0.1 3.8 16.1 21.3 
3.6 0.1 3.4 12.9 57.1 
3.0 0.1 2.5 8.8 10.9 
2.2 0.1 2.2 6.7 8.1 
2.5 0.1 2.4 7.6 9.4 
2.1 0.1 3.1 8.1 
3.5 0.1 4.3 11.8 16.5 
2.8 0.3 3.8 11.5 16.6 
3.3 0.1 4.0 11.4 16 
3.4 0.2 4.3 12:8 19 6 
3.1 1.0 3.9 12.8 20.4 
2.4 3.6 3.5 17.7 
1.3 9.8 2.1 23.0 27.7 
0.7 4.8 1.5 12.2 i 
0.7 1.5 1.3 8.0 9 
0.7 1.3 1.4 8.1 10.2 
1.4 0.3 3.0 12.0 
1.9 0.3 3.7 13.2 A) 
2.2 0.2 4.7 15.2 2 
2.4 0.1 5.3 16.6 9 
2.7 0.2 6.0 18.0 o 
2.6 0.9 5.4 20.2 3 
2.9 1.4 4.5 20.5 3 
3.4 0.7 6.4 21.7 3 
4.6 0.6 28.4 
5.0 0.5 10.8 $2.2 


Projections Stanford Research 
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Table 3.—TOTAL UNITED STATES CONSUMPTION SHIPPING CONTAINERS, TYPE 
(Millions Equivalent Containers Feet) 
ACTUAL, PROJECTED, 
Box and Crate Type Bag and Drum Type 


ota Steel 
Box and 


Plywood Multi- Drums Slack Tight Total 

Corru- Solid and Crate Wall Cotton Burlap and Coop- Coop- Fibre Bag and Grand 

Tone gated Fibre Wood Veneer Type Sacks Sacks Bags Pails erage erage Drums Drum Total 
194 3,749 260 1,227 323 5,559 700 900 7 100 200 100 2 2,700 8,300 
194 5,288 323 1,571 332 7,515 1,000 1,000 200 200 100 3,100 
194 4,241 400 2,526 361 7,528 900 1,300 300 200 200 100 fe 3,000 10,500 
194 4,784 469 3,382 352 8,987 1,100 1,400 400 300 100 100 3,400 12,400 
194 4,682 529 3,286 335 8 ,832 1,400 1,100 600 200 100 100 3,600 12,400 
1945.... 4,811 485 3,000 309 8,606 1,500 1,000 900 200 100 100 3,800 12,400 
194 255 1,600 8,314 2,000 800 1,000 200 100 100 4,200 
194 6,295 257 1,440 308 8,299 2,400 800 900 200 100 100 : 4,500 12,800 
194s 6,497 253 1,286 316 8,351 2,000 7 900 200 200 f 4,100 12,400 
215 1,086 333 1,800 800 200 100 11,800 
195 8,156 257 1,163 428 2,700 600 800 300 100 100 4,600 14,600 
195 7,934 317 1,349 503 10,103 3,000 600 600 300 100 100 100 4,700 14,800 
195 7,815 247 1,226 507 9,795 2,700 600 900 300 100 100 4,700 14,500 
,037 246 1,365 652 3,800 600 1,000 300 100 200 
1965 11,675 240 1,438 747 14,100 4,500 500 1,000 400 100 300 6,800 
225 1,497 853 16,100 5,400 500 1,000 400 100 400 7,800 
15,300 216 1,530 954 18,000 400 1,000 400 100 100 500 8,700 26,700 


Sources: Actual derived from U.S. Department of Commerce data by Stanford Research Institute. Projections by Stanford Research Institute. 


Note: Detail may not add to total, due to rounding. 


Pallets afford another forest-products 
use. the basis the number 
containers handled, the average 
load, and ten-year average life 
pallets, annual pallet production 
expected from about million 
1952 about million 1975. 


Long-Range Outlook for Forest 
Products Manufacturing 


Although forest products are used 
wide variety manufactured 
products, the furniture and fixtures in- 
dustry most important, representing 
almost half the consumption lumber 
all manufactures the present 
time. Other large users are the railroad 
car and motor vehicles industries. 


Furniture and fixtures shipments are 
expected increase from $3,110 mil- 
lion 1952 $6,090 million 
1975. Household furniture expendi- 
tures are expected rise from $2,351 
million 1952 $4,730 million 
1975, and commercial, professional, 
and public building furniture and fix- 
tures expenditures from $759 mil- 
lion 1952 $1,360 million 1975. 
These estimates are based past rela- 
tionships between furniture and fixtures 
expenditures and levels personal dis- 
posable income. 

Total railroad freight car output 
expected drop from 78,000 1952 
about 57,000 1975, based the 
estimated inventory required 
together with the estimated aver- 
age age cars each type. the 
freight car types most important the 
market, automobile cars, 
boxcars, and gondola cars will probably 
account for more than per cent 
freight car production 1975. 

trucks, truck-trailers, and 
busses expected increase about 
cent between 1952 and 1975. Truck 
production expected increase from 
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1.2 million 1952 2.1 million 
1975. These estimates are based cor- 
relation motor-vehicle production 
with population and real disposable 
income payments. 

summary, this review the out- 
look for the major forest-products mar- 
kets indicates major 
1975 most markets. 
maining are the prospective supply and 
forest products and their im- 
pact the competitive position the 
various forest products. 


Prospective Supplies and Relative 
Prices Forest Products 


Lumber: One the fundamental 
problems the national lumber indus- 
try the cost producing sawlogs. 
Through 1975 these costs will prob- 
ably increase such extent that re- 
sulting lumber prices will continue 
increase relative those competing 
materials. 


Among the reasons why costs pro- 
ducing sawlogs and lumber 
United States will probably continue 
are these: 


Costs stumpage (stands 
merchantable timber) are likely 
keep increasing the supply 
available and readily accessible 
timber reduced. Much will de- 
pend the amounts cut from 
government-owned timber, espe- 
cially the West, where almost 
two-thirds the commercial 
forest-land government-owned. 
These amounts cut from govern- 
ment-owned timber 
rising recent years, but they are 
still well below the allowable 
annual cuts consistent 
tained-yield management the 
forests. 


Logging costs are likely rise 
logging activity continues 
shift relatively remote areas 
regions with rugged terrain, in- 
volving more difficult operations 
and 
costs. The logging lands with 
less volume per acre, 
declining size trees being cut 
all regions will 
logging costs. 

Manufacturing costs will prob- 
ably increased the declining 
size logs, rising labor costs 
(especially the South), and 
increased proportion output 
from small, relatively high-cost 
mills mill locations are adapted 
scattered timber supplies. 
Distribution costs, which repre- 
sent about two-thirds the cost 
lumber the consumer, will 
probably also increase. Transpor- 
tation large part this cost. 
The higher transportation cost 
eastern markets for western lum- 
ber (which now accounts for 
more than per cent domes- 
tic softwood lumber production) 
compared with southern lum- 
ber will tend increase average 
lumber prices coming years. 


production will moderately 
upward through 1975, increasing from 
the 1952 level about 38.2 billion 
board feet about billion board 
feet 1975. 

the production this quantity 
lumber, the relative position the 
West estimated continue rise 
has recent years, accompanied 
relative decline the position 
the South, and little change the 
East’s relative position. 

Considerable progress has been made 
for the past several years placing the 


nation’s timberland sustained-yield 
basis. the South, however, there 
apparent evidence that companies 
accounting for the major portion to- 
tal lumber production (as distinguished 
from pulp production) have generally 
made provision for future large-scale 
sawtimber supplies. 


This outlook for the next twenty 
years strongly influenced the fact 
that two-thirds the present saw- 
timber cut the West. projec- 
tion were made the year 2,000, the 
fact that the area east the Rocky 
Mountains contains three-fourths 
the forestland, well more than 
four-fifths the population, would 
serve temper the importance the 
West over the longer period. may 
that the last quarter the century will 
marked lumber production shifts 
opposite those suggested for the 
next twenty years this study, depend- 
ing upon policies for timber restocking, 
forest management, and allocation 
wood resources (as between lumber 
and pulp) followed the South. 


would appear, therefore, that most 
our future imports will from 
Canada, largely from British Columbia. 
Since timber stands that province 
can cut less expensively than the 
more northern provinces, and because 
the nearness this timber the 
United States, appears that increas- 
ing volumes lumber will continue 
flow into this country future 
years. 


Lumber demand would increase sub- 
stantially price relationships com- 
peting materials stayed they are. 
Only limited increases domestic pro- 
duction and imports are prospect 
without prohibitive increases 
Therefore, the price lumber ex- 
pected continue rise more rapidly 
than the prices competing materials. 
This increase lumber price relative 
prices competing materials ex- 
pected, however, smaller during 
1952-75 than was be- 
cause the pressure competing mate- 
ials developments 
will restrain increases lumber prices. 


Pulpwood, Pulp, Paper, and Pa- 
perboard: pulpwood, pulp, paper, 
and paperboard production, supply 
factors indicate that the upward trend 
production can sustained during 
the next twenty years with costs main- 
taining their relation competing 
materials about they are now. 

Historically, the expansion the 
pulp industry has been due its abil- 
ity develop additional sources 
low-cost pulping materials through 
modification its processes. Significant 
expansion output during the next 
twenty years expected all the major 
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grades pulp except soda and sulphite 
pulp. 

Utilization factors indicating expan- 
sion can occur without prices rising 
rate greater than prices competing 
materials include: 


The nature the pulping process, 
which permits the economical use 
small-size timber and forest 
residuals. 

The development more eco- 
nomical barkers 
which can increase the supply 
sawmill residuals for pulping. 

The development of, and ex- 
pected improvement in, semi- 
chemical pulping processes, which 
appear particularly well- 
suited hardwood pulping. 

Developments sulphate pulping 
which have made 
process capable using practic- 
ally all species softwoods and 
hardwoods for all grades pulp. 

Adaptation groundwood pulp- 
ing wide range species, in- 
cluding some hardwoods well 
southern pine and Douglas fir. 


Insulating Board and Hardboard: 


expected that prices insulating 
board and hardboard during the period 
covered this study will tend drop 
relation the prices competing 
materials. 

Increased interest producing these 
products evidenced the entry 
two western hardboard plants 1953 
and the expectation that six more will 
begin production The recent 
development these products has been 
largely based utilization mill resi- 
duals, defective timber, and species for 
which other uses did not exist. 

entirely possible the heavy swing 
toward building board production will 
provide new capacity faster than the ex- 
pected market growth. major price 
drop may result. this occurs, building 
board prices will then very favorable 
relation those competing mate- 
rials, 

Southern hardboard production must 
meet the competitive wood costs the 
pulp industry. Under these conditions, 
there little eagerness enter the 
hardboard field that region. 

Plywood and Veneer: Supply and 
utilization prospects indicate the price 
softwood plywood and veneer will 
probably rise relation the price 
competing materials, but not rapidly 
hardwood products. expected 
the price rise will relatively less 
than for lumber. 

the softwood plywood industry, the 
substitution other materials for face 
likely widen the log quality 
acceptable the industry. Further im- 
provements patching techniques and 
expanded use species other than 


Douglas fir will also help broaden 
the supply base. 

the hardwood plywood and hard- 
wood face veneer industries, Present 
costs are such level that imports 
comparable quality can sold for 
than domestic production, and 
able markets have been lost imports 
during the last two years. great 
change expected the price utility 
gtades hardwood plywood 
with competing materials, 
wood plywood output expected 
meet more competition from 
plywood and hardboard. 

both softwood and hardwood cont: ier 
veneer are expected maintain -nt 
materials. 

prospects for the major 
the following price 
tive competing material are 

Although lumber prices will 
ably rise more rapidly than 
prices competing materials, 
relative increase expected 
than was between 1929 
1952. 

Pulp prices are expected 
approximately the same 
tion prices competing 
rials formerly. 

Hardwood and insulating board 
ptices are expected 
lower the future relation 
prices competing materials. 

Plywood prices expected 
increase slightly relation 
competing materials, but 
not much lumber prices. 


The Demand for Lumber 


1953 about per cent total 
United States lumber consumption went 
into construction; about per 
into shipping, including boxes and 
ing materials, dunnage, 
and the remaining per cent 
manufacturing products. These 
tions are expected about the 
nificant shifts within these broad 
ings. 

Lumber used construction, 
ingly new residential building 
cluding additions and alterations), 
smaller share going into 
tial construction, and about the 
proportion now into 
and repair all types 


Lumber Use Residential 


Lumber demand for new 
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units under construction, arch- 
size and height the dwelling 
structures, and competition from other 
The following table shows 
the changes these factors from 1920 
1953, and further changes 
1965, 1970 and 1975 which 
lumber demand for new 
building are based: 


from $9.28 1952 $9.63 (at 1952 
1975; for 900-square-foot 
unit, with greater proportion cost 
ing, and plumbing, the corresponding 
figures are $9.71 1952 and $10.06 
1975. 

The net result that the average 
dwelling unit size expected 


about 1,000 square feet for each the 


(INDEX NUMBERS, 1920 100) 


Number Floor 
Space per 

Year Starts Unit 
100 100 
193% 109 86 
185 
1950 433 75 
1953 342 76 
1966 : : 405 76 
1965 Z 448 76 
1970 500 76 
1975 561 76 


The housing-start index consistent 
with data the preceding section, in- 
cluding farm and non-farm starts. 

Little change foreseen the dis- 
tribution dwelling-unit starts be- 
tween single-family, two-family, and 
multi-family structures. The continued 
industry movement suburban areas 
and expectations attractive financing 
for prospective home-owners should 
maintain the popularity the single- 
family structure. 


The size dwelling units the 
future will depend primarily the 
money expected available for 
average dwelling unit relation the 
cost per square foot. The average ex- 
penditure per non-farm dwelling unit, 
based figures for projected housing 
expenditures and number starts 
shown the preceding section, 
follows, terms 1952 prices: 


$9,338 
9,387 
9,757 
9,677 


The future outlook for construc- 
tion materials costs, terms 1952 
prices, increase. relative decline 
construction labor costs expected. 
greater number built-in appliances 
and more utility features such bath- 
and electrical circuits will prob- 
ably used. Because this, aver- 
age annual increase cents per 
Square foot (at 1952 prices) resi- 
dential construction costs 
sonable. Furthermore, with larger roof 
and more additions such 
patios and garden houses for outdoor 
living, the cost construction will tend 
without being reflected 
the size the average dwelling unit. 

these considerations, the 
unit would increase 
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Average Actual Lumber 
Total Average Consumption 
Floor Ceiling Volume - 
Space Height of Unit Per Unit Total 
100 100 100 100 100 
94 99 86 81 89 
260 90 68 56 190 


target years through 1975. These esti- 
mates are further buttressed 
experience residential construction. 
The average size dwelling units has 
been declining and has the average 
number persons per unit, Table 


Roughly half the decline lum- 
ber use between 1920 and 1935 was 
due changes the size and arch- 
itecture dwellings; this represented 
market loss for competing materials 
too. the market remaining, the con- 
sumption lumber 1920 was about 
per cent the maximum possible. 
1950 this had dropped slightly 
about per cent the maximum pos- 


sible, but 1953 had fallen 
about per cent. Thus, between 1950 
and 1953 lumber participation fell off 
more rapidly than did the previous 
thirty years. This loss was largely at- 
tributable the growing popularity 
slab-type construction, which cut into 
lumber’s market for foundations, floor 
framing, sub-flooring, 
flooring. 

Table shows the changes lum- 
ber use per dwelling unit, compo- 
nents the house and total, from 
1920 through 1953, with projections 
1975. 

The roof now the most important 
component the dwelling unit 
terms actual lumber consumption. 
Next the roor, followed exterior 
and interior walls. These four compo- 
nents account for more than per 
cent the lumber 
dwelling unit. 

Table shows the division past 
and probable lumber use per dwelling 
unit type lumber. 

Framing lumber had about per 
cent its maximum possible market 
1920, compared with about per 
cent 1953. 1975, framing lumber 
expected have about per cent 
its possible maximum market. 

(This includes minor quantity 
finished boards used for interior walls 
and 

Sheathing lumber accounted for about 
per cent the sheathing market 
1920, but only about per cent 


Table 4.—EFFECT ARCHITECTURAL CHANGES AND COMPETITION LUMBER 
CONSUMPTION NEW RESIDENTIAL CONSTRUCTION 


Per Dwelling Unit and Total, Lumber 


Per Dwelling Unit (BF) Loss Due 


Com- 

mum tecture peting 

Pos- and Mate- 

Year sible Design! rials 

11,282 
26,166 5,019 9,778 
1950_. . 20,011 10,173 8,294 
1953 20,356 9,828 
20,037 10,147 10,085 
1965___- 19,946 10,238 10,334 
1970_- 20,017 10,167 10,894 


Total, All Dwelling Units 


(MMBF) 
Maxi- Com- 

Actual % of mum peting Actual 
Lumber = Maxi- Pos- Mate- Lumber 
Use mum sible rials Jse 
18,902 63% ‘ 10,476 3,906 6,570 
15,387 61% 9,520 3,705 5,815 
13,898 62% 14,430 5,476 8,954 
11,717 59% 30,060 12,455 17,605 
10,520 52% 24,159 11,677 12,482 
9,952 50% 28,179 14,184 13,995 
9,612 48% 31,053 16,092 14,961 
9,123 46% 34,750 18,920 15,830 


! Based on difference between maximum possible market per dwelling unit in 1920 and in year shown. 


Table 5.—TOTAL CONSUMPTION LUMBER PER DWELLING UNIT COMPONENTS 
HOUSE AND TOTAL, 1920-1975 


(Board Feet) 


Founda- 

Year tions Floors Ceilings Roofs 
1920__ 1,720 4,270 975 2,790 
1930_.... 1,369 3,670 832 2,260 
1940 1,280 3,320 798 2,540 
1950_.... 1,086 2,540 759 2,600 
1953__... 895 1,970 793 2,400 
1960___ 828 1,799 785 2,339 
1965____. 762 1,590 776 2,310 
wre... 682 1,410 776 2,230 
1975 610 1,240 769 2.200 


Source: Stanford Research Institute. 


Accessory 


Buildings 
Exterior Interior Mill- Miscel- 
Walls Walls work laneous Total 
2,520 2,930 2,621 1,076 18,902 
2,370 2,289 1,930 667 15,387 
2,100 1,398 750 13,898 
1,748 1,518 1,050 416 11,717 
1,598 1,529 930 405 10,520 
1,423 1,513 860 405 9,952 
1,420 1,534 815 405 9,612 
1,340 1,520 760 405 9,123 
1,262 1,505 715 405 8,706 
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1953. estimated that 1975 
sheathing lumber will have only about 
per cent the potential sheathing 
market, 


Although lumber siding increased its 
part the exterior-facing materials mar- 
ket from about per cent about 
per cent between 1920 and 1953, 
total consumption siding per dwell- 
ing unit has slumped from about 400 
board feet about 325 board feet. 
estimated that about 250 board feet 
siding will used per dwelling unit 
1975, representing about per cent 
total siding potential. 


Hardwood lumber consumption 
1953 accounted for only about per 
cent the maximum 
wood lumber market (flooring and mill- 
work), compared with about per 
cent 1920. estimated that 
1975 hardwood lumber will have 
per cent its total market, due largely 
the loss flooring markets, but also 
stiff competition from other mate- 
rials millwork markets. 


Some the loss lumber markets 
residential building other forest 
products such plywood, hardboard, 
and insulating board. shown table 
these products accounted 1953 for 
little less than per cent 
total loss markets competing mate- 
rials. All three are expected show 
substantial growth residential build- 
ing uses 1975, and they are expected 
account that time for about per 
cent the total loss markets 
competing materials. 


Additions and Alterations 


Consumption additions and altera- 
tions 1953 represented about per 
cent total lumber consumption 
construction all types. 


estimated that about one board 
foot lumber was consumed per dollar 
addition and alteration expenditures 
1953; expected that this lumber- 
use factor will decline 1975 about 
0.85 board feet per dollar. Competi- 
tion from plywood, hardboard 
sulating board will tend reduce the 
boards consumer per dollar expendi- 


ture, but the quantity 


lumber consumed per dollar will prob- 
ably remain present levels. 


The expected decline the lumber- 
use factor, however, prob- 
able increases total for 
this construction, from $1.1 bil- 
lion 1953 $1.25 billion (at 1952 
prices) 1975. result, lumber 
used additions and alterations ex- 
pected remain close present levels 
(about 1.1 billion board feet annually) 
throughout the period 1975. 
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Lumber Use Nonresidential 
Construction 


special survey made 1953 
Stanford Research Institute 1,000 
large non-residential contractors shows 
that lumber consumption 
dential construction all types can 
allocated end-use follows: 


Lumber Percentage Total 


Framing and trim 
Bracing, shoring, decking, 

Temporary buildings, 

skids and other uses 


wood, hardboard, steel concrete 
forms because more economical 
where large, smooth surfaces are not 
required. Lumber can re-used for 
concrete forms and later utilized for 
bracing, shoring, for temporary 
buildings and fencing. Because the 
many possible re-uses, appears likely 
that lumber will retain portion the 
concrete form market future years. 
Plywood and hardboard provide the 
greatest competition concrete forms 
where smooth surfaces are desired. 

The closest competitors lumber for 
framing, scaffolding, bracing, shoring, 
and decking are steel concrete and 
steel. The principal advantage lum- 
ber its lower cost and its workability, 
resulting lower total installed cost 
total use cost. many cases, however, 


steel steel together with concrete are 
used because they offer additional 
strength. 

Lumber-use factors type non- 
residential construction, based the 
special survey made 1953, are 
follows, with projections for 1975: 


Lumber Consumed 


per Dollar of 
Expenditure 
Type of Construction (Board Fee: 
1953 1975 
Industrial Plant_-_-_ .384 20 
Industrial and commerical 
building -448 
Public utilities _ 300 
Institutional. 320 4 
- .295 
Hospital and other 
Farm service buildings - 40 
Public works. -281 15 
Sewer and 296 
Conservation and 


over-all decline about per 
cent the board feet lumber 
sumed per dollar nonresidential 
struction expected the period 
tween 1953 and 1975. These declines 
lumber-use factors range from about 
per cent highway construction 

combining these lumber-use 
tors with estimated expenditures ‘or 
each type nonresidential 
tion (as shown Table this 
report), estimates were made lumber 
consumption for each the target 
years. Estimates for 1953 and 1975 are 
shown below. 


Table 6.—TOTAL CONSUMPTION LUMBER PER DWELLING UNIT 
TYPE LUMBER, 1920-75 


(Board Feet) 


Framing Wood Wood . 

Year Lumber Sheathing Siding Hardwood Total 
13,100 4,250 400 1,150 
10,450 3,500 450 1,000 15,400 
1940____- 9,150 3,350 450 950 13 900 
1950. _- 7,800 2,850 350 700 11.700 
1953 4 7,400 2,200 325 575 10,00 
1960. __ 7,200 2,000 250 500 9.950 
1965___ 7,000 1,850 300 450 9,600 
6.750 1,700 275 400 
6,500 1,600 250 350 700 

Source: Stanford Research Institute. 
Table 7.—LOSS LUMBER MARKET OTHER WOOD PRODUCTS 
NEW RESIDENTIAL CONSTRUCTION 
(Million Board Feet) 
Board Foot Equivalent Loss to: 
Total Loss - - —- Total 

Year -Competition Plywood Hardboard Board Products 
1920 __ 3,906 34.3 124.1 158.4 
1930 3,705 46.9 104.5 151.4 
1940 5,476 143.7 142.4 286.1 
1950 12,455 458.4 28.5 384.9 871.8 } 
1953 11,677 1,013,8 109.2 256.2 1,379.2 11.5 
1965 16,092 1,405.3 421.3 467.3 2,293.9 1 ; 
1970 18,920 1,647.3 570.9 543 .2 761.5 14.6 
1975 21,567 1,786.0 762.1 


Source: Stanford Research Institute. 
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Estimated Lumber Table 8.—ESTIMATED DISTRIBUTION LUMBER CONSUMPTION USE CONSTRUCTION, 


Lumber Use Maintenance 
and Repair 


and repair both residen- 
tial and nonresidential structures repre- 
about per cent lumber con- 
construction all types, and 
per cent lumber consumption 
all uses. 


The use lumber per dollar ex- 
penditure for maintenance 
decline from about 0.68 
board feet 1953 about 0.60 board 
feet 1975, largely result in- 
creased competition from insulating 
board, hardboard, and plywood, which 


for all roads 1975 estimated 
equal 610 million board feet. 


Total Lumber Use Construction 


summarizes the estimated 
including maintenance and 
alterations and additions, sawn 
and mine timbers, for 
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Source: Stanford Research Institute. 


1930, 1940, 1950, and 1953, with pro- 
jections five-year intervals 1975. 
The major shift indicated for construc- 
tion uses lumber the increased 
proportion expected used resi- 
dential building and the reduced usage 
nonresidential construction, Despite 
the expected increase more than 
billion board feet annual residential 
building use 1975, total lumber used 
construction expected increase 


only 1.7 billion board feet. 


Use Lumber Shipping 


pected increase about 1,230 mil- 
lion board feet 1975, compared 
with 660 million board feet 1952. 


The demand for dunnage expected 
fail keep pace with increases 
shipping activity future years, be- 
cause materials-handling methods will 
improved. consumption estimate 
about 750 million board feet 


Consumption 
INCLUDING MAINTENANCE AND ALTERATION, 
Construction 
Construction Board Feet) 
1953 1975 Sawn Railroad 
Maintenance Ties and 
Incustrial, commercial and Year Residential Nonresidential and Repair Mine Timbers Total 
Ins’ - 929 1,224 
service 977 400 7,000 34.4 6,940 34.1 4,000 19.7 2,406 11.8 20,346 100 
Hizi:ways- ----- 871 750 1940... 9,900 35.5 12,092 43.3 4,200 15.1 1,707 6.1 27,899 100 
Mitary and naval-_-_ 350 70 1950 18,900 58.8 5,574 17.3 6,600 20.5 1,065 3.3 32,139 100 
450 255 46.4 8,190 27.4 22.7 1,039 3.5 100 
All other. .---- 697 216 
15,300 52.5 5,620 19.3 7,150 24.6 1,052 3.6 100 
8,190 5,075 16,150 55.0 5,080 17.2 7,050 24.0 1,058 3.8 100 
1976. ..... 17,200 56.5 5,150 16.9 7,050 23.1 1,059 3.5 30,459 100 
1975 57.9 5,075 16.0 7,200 22.8 1,053 3.3 31,628 100 


ber for dunnage 1975 reflects this 
relative downward trend. 

Table summarizes past and ex- 
pected consumption lumber ship- 
ping, type and total. 


Table 9.—UNITED STATES CONSUMPTION 
TYPE, 1940-1975 


(Millions Board Feet) 


Wood 
Used for Wood Wood 
Boxes, Used for Used for 
Year Crating Dunnage Pallets Total 


4 > > j i > i | 5,500 1,000 300 , 800 
| > 5 5 9 
for dimension Jumber. and other types wood packing, about 
The decline the lumber-use factor per cent for dunnage, and about 220 5,720 
likel enditures sion the total container market since from Department Agri- 
ly, culture data. 
1940, with projections.) general, the Research Institute. 
umber consumption for mainten- advantages strength, appearance, and 
wooden boxes are outweighe their 
1953 about 7.2 billion board feet cost, weight, Products 
ing time, and problems connected with 
used for railroad ties ture and fixtures industry most im- 
lumber consumption all uses. all Lumber for railroad cars represents 
railroad ties, lumber (sawn ties) used about per cent lumber used 
exclusively for switch and bridge ties manufacturing, while lumber motor 
and for more than half the cross ties account for about per cent 
main and branch lines and sid- the total. The bulk the remain- 
ings. The remaining cross ties expecte ing per cent used housetrailers, 
hewn wood ties, not classified lum- climb from about venetian blinds, 
ber. the basis board feet per about ments, handles, ladders, tanks, pencils, 
cross tie and with 52.5 per cent sawn, 1975. patterns, caskets, boots, musical instru- 
total lumber consumption cross ties Lumber required for pallets athletic goods, and toys. Lumber 


demand for these miscellaneous items 
considered group because the 
relative unimportance any one the 
total demand picture. 

Table shows the dollar value 
furniture and fixtures output 1952 
prices, the board feet lumber con- 
sumed per dollar output, and the re- 
sulting lumber used furniture and 
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Table 10.—UNITED STATES LUMBER CON- 
SUMPTION FURNITURE AND 
FIXTURES, 1929-1975 


Lumber 
Total Output Board Feet Consumption 


(Million of | of Lumber (Million 
Year 1952 Dollars) per Dollar Board Feet) 
= 1,710 1.08 1,845 
1930_._-. 831 1.05 873 
993 1.02 1,013 
1982. 
1983 702 0.99 692 
1934____ 1,069 0.95 1,016 
1935___- 870 0.91 792 
1936___- 1,545 0.87 1,344 
1,376 0.83 1,142 
1938___- 1,435 0.79 1,134 
1,424 0.75 1,068 
4p... . 1,780 0.71 1,260 
1941__:_ 2,125 0.71 1,510 
1942. __. 2,470 0.71 1,750 
2,690 0.70 1,880 
1944____ 2,990 0.70 2,090 
1945____ 2,990 0.69 2,060 
2,870 0.68 1,950 
2,786 0.68 1,900 
1948____ 2,865 0.68 1,959 
1949. __. 2,407 0.69 1,655 
3,173 0.70 2,221 
i = 2,989 0.71 2,132 
1952___- 3,110 0.71 2,224 
1960____ 4,145 0.71 2,943 
4,735 0.69 3,256 
5,430 0.66 3,565 
1975_ 6,090 0.63 3,864 
Source: 

Dollar Output—Actual—U. Department 

Commerce. Estimated—Stanford Reserch In- 
stitute. 


Lumber Consumption—1933, 1940, 1947, 1948, 
1951—U. Department Commerce. Other 
years Estimated Stanford Research Institute. 

Use Factors—Derived by Stanford Research In- 
stitute. 


fixtures. The increase value out- 
put 1975 expected partially 
dollar. The decline the use factor 
less rapid than the past. 

Metals, fabrics, and plastics have 
made substantial inroads 
porch, and garden furniture because 
their weather resistance and ease 
cleaning. feeling commercial 
cles that wood furniture lacks modern 
appearance and less durable than 
metals, with resulting higher long-term 
costs, has caused decline demand 
for wood furniture commercial and 
public buildings. The more sanitary ap- 
pearance non-wood materials and 
their greater durability has resulted 
the displacement wood the profes- 
sional furniture market. Major effects 
such competition, however, may al- 
ready have been felt. 

Past and projected lumber consump- 
tion the production 
freight cars and trucks and trailers are 
shown Table 11. 

Total demand for manufac- 
tured products expected increase 
from present levels about billion 
board feet annually about 5.7 billion 
board annually 1975. The im- 
portance the furniture and fixture in- 
dustry will increase, accounting for 
about per cent all lumber used 
manufactured products 1975, com- 
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Total Lumber Consumption and 
Domestic Production 


Table summarizes the distribution 
total United States lumber consump- 
tion major end uses for 1930, 1940, 
1950, and 1953, with projections 
1975. major shifts the broad 
pattern lumber use are apparent, 


despite the internal shifts within cate- 
gories. Total lumber consumption 
the United States expected increase 
moderately from 41.3 billion board feet 
1953 44.6 billion 1975. 


Domestic production lumber will, 
course, differ from total consump- 
tion because net imports and re-use 


Table 11.—UNITED STATES CONSUMPTION LUMBER RAILROAD FREIGHT CAR 
PRODUCTION AND TRUCK AND TRAILER PRODUCTION,’ 


(Millions Board Feet) 


Consum; ion 
in Trucss 

Auto and Freight Car and 

Year Box Cars Gondolas Reefers Others Totals Trail 
6.1 0.8 2.4 11.0 
6.9 0.04 0.5 7.4 
39.7 23.1 4.2 4.0 71.0 
4.3 10.3 3.4 0.1 18.1 
118.7 61.9 24.2 6.3 211.1 
30.0 1.4 4.1 46.7 
41.0 19.9 1.0 2.3 64.2 
114.9 41.7 4.5 169.0 
68.7 35.7 2.6 5.2 112.2 
77.8 29.3 8.5 4.3 119.9 
1946__ 66.4 34.5 7.0 1.5 109.4 
107.2 40.9 40.2 2.5 190.8 
135.1 92.5 44.5 2.8 274.9 
42.7 6.6 200.6 

129.3 61.6 25.7 7.8 224.4 135 

1960__ 67.9 17.3 3.8 140 

ees 58.2 40.0 15.7 3.2 117.1 151 

1970__ 49.1 36.0 14.8 2.7 102.6 167 

40.9 35.5 14.2 93.1 183 


not include house trailers. 
Source: Stanford Research Institute. 


Table 12.—ESTIMATED DISTRIBUTON UNITED STATES LUMBER CONSUMPTION 
MAJOR END USES, 1930-1975 


(Millions Board Feet) 


Manufactured 
Year Construction Shipping Products Total 
€ 
1930____ _ 20,346 70.9 5,100 17.8 3,260 11.3 28,706 100 
1940___. - 27,899 76.5 5,500 15.1 3,073 8.4 36,472 100 
1950 32,139 75.0 6,035 14.1 4,656 10.9 42 ,830 100 
1953 es . 29,929 72.4 6,350 15.4 >, 036 13.2 41,315 100 
1960 __ 29,122 71.5 6,580 16.2 5,000 12.3 40,702 100 
1965 29 ,338 70.9 6,830 16.5 5,220 12.6 41,388 100 
1970_. 30,459 70.6 7,170 16.6 5,500 12.8 43,129 100 
1975 31,628 70.9 7,330 16.4 5,690 12.7 44,648 1u0 
Source: Stanford Research Institute. 
Table 13.—ESTIMATED DOMESTIC LUMBER PRODUCTION 
REGION AND SPECIES, 
(Billions Board Feet) 
1952 1960 1965 1970 > 
Consumption 40.7 40.7 41.4 43.1 
Net Imports 1.8 1.0 0.4 1.4 
Reused Lumber 0.5 0.8 1.0 
Production 38.4 38.9 40.0 
Softwoods__- 30.5 30.8 31.7 32.1 
Hardwoods 8.1 8.3 8.4 
East__.- 5.1 5.1 5.1 5.2 2 
Softwoods 2.0 2.0 2.0 
Hardwoods 3.1 | 3.1 
18.7 13.9 14.0 14.1 
Softwoods 9.0 9.0 9.0 9.0 
Hardwoods 4.7 4.9 5.0 3 
19.6 19.9 20.9 21.2 
Softwoods 19.5 19.8 20.8 | 4 
Hardwoods Fy 1 a 1 1 


Source: Stanford Research Institute. 
Note: Detail may not add total, due rounding. 
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lumber salvaged from earlier uses. 
Table shows both consumption and 

roduction lumber for 1952 and the 
probable levels for 1960, 1965, 1970, 
and 1975. Also shown Table are 
the estimated levels production 
divided between softwoods and 
hardwoods. indicated earlier 
wood lumber the West and hard- 
wood lumber the South are likely 
the only significant changes 
domestic lumber production between 
1952 and 1975. 


The Demand for Pulp and 
Pulpwood 


The largest consumer wood pulp 
paper. 1953, the total output 
paper was about the same 
board, but the wood-pulp requirements 
per ton product were almost twice 
great. result, about per cent 
all wood pulp consumed was taken 
the paper industry, compared with 
about per cent the paperboard in- 
dustry. Wood pulp requirements for 
building papers and building boards, 
not included the above figures, repre- 
sented almost per cent total wood 
pulp consumption. The remaining 
per cent wood pulp consumption 
attributed dissolving pulp uses. 


Paper and Paperboard 


Paper and paperboard consumption 
estimates are shown the table below, 
built from estimates consumption 
individual types each: 


‘Product 


Total 16.9 
Total 12.1 
Total Paper and 29.0 


Paper consumption, measured 
new supply (production plus imports, 
less exports), increased about per 
cent between 1929 and 1953, rising 
from 9.1 17.6 million tons, Consump- 
tion all papers 1975 estimated 
about million tons, base cor- 
with population, real dispos- 
able income, and trend; this checks 
reassuringly with the total estimates for 
each the paper types. 


tion requirements the United States 
cach the future years, neces- 
sary make allowances for net imports 
paper and paperboard. 1952, net 
imports totalled 4.6 million tons, with 
imports million tons 
offset net exports other 
Heavy imports newsprint are 
pected this country will 
Main net importer paper and 
Net imports are estimated 
reach about 6.3 million tons 1975. 


me 


FPRS 


1952 


Total domestic production paper 
and paperboard expected almost 
double, from 24.4 million tons 1952 
46.6 million tons 1975. sum- 
mary this production, major paper 
and paperboard categories, shown 
the following table: 


but also from cotton, which gain- 
ing increasing share the apparel 
market result new finishes and 
dyes. expected 1975 rayon and 
acetate will about per cent 
mill consumption fibers, compared 


with 18.9 per cent 1952. This indi- 


Domestic Production Paper and Paperboard 


Grade 1952 
Book and other 3.4 
Sanitary, tissue and 1.9 
Building Paper and 2.6 


Pulp Uses other than 
and Paperboard 


the 800,000 tons wood pulp 
used products other than paper and 
paperboard 1952, the most important 
consuming industry was rayon and 
acetate, which took per cent. The 
remaining per cent was used for 
cellophane, lacquers, photographic film, 
plastics, and explosives. 


Paper 


Most important growth area the 
rayon and industry has been 
high-tenacity filament yarn. This growth 
has been greatly due the tire cord 
and fabric market. From less than per 
cent this market 1937, high- 


Millions of Tons 


1960 1965 1970 1975 
20.8 23.3 25.8 28.0 
16.6 19.4 22.1 24.9 
37.4 42.7 47.9 52.9 


tenacity rayon rose per cent 
1950, and two years later had taken 
about per cent. 

Textile consumption rayon and 
acetate declined the latter part 
1953, reflecting not only growing com- 
petition from other 


(Millions Tons) 
1965 


1970 


1960 

15.4 19.0 
1.6 1.8 2.0 2.3 
1.3 1.5 1.6 1.7 
4.2 4.8 5.4 6.0 
3.8 4.2 4.6 5.0 
2.7 3.1 3.5 4.0 
14.5 16.8 19.0 21.3 
7.4 8.5 9.6 10.7 
9.4 10.6 
3.9 4.7 5.5 6.3 
1.8 2.1 2.4 2.7 
2.1 2.6 3.1 3.6 
32.0 36.9 41.6 


cates declining rate growth for 
rayon and acetate the textile indus- 
try. 

Wood pulp consumption 
products has increased 
70,000 tons 1939 about 308,000 
tons 1952. estimated total pulp 
consumption these other uses will 
increase about 600,000 tons 1975. 

Total non-paper uses wood pulp 
are expected increase from 800,000 
tons 1952 about 1,800,000 
1975. 

Wood Pulp Requirements 


Wood pulp needed produce the 
paper and paperboard shown 
previous page, together with quantities 
required for the production other 
products, was estimated both statis- 
tical and qualitative bases. All estimates 
provided similar answers, although 
the qualitative estimates, based de- 
tailed evaluation each the produc- 
ing were used for this study. 

The qualitative estimate, based 
the probable composition the fur- 
per ton cach the major 

Furnish: The mixture from 
which paper board made, chiefly fibrous 


material (pulp), sizing materials, fillers and 
dyes. 


ESTIMATED CONSUMPTION WOOD PULP THE UNITED STATES 


(Millions Tons) 


Estimated Consumption of Wood Pulp in the United States 


Product and Type Pulp 1952 
For paper, paperboard and building materials 
17.2 
White pulps*_ 6.3 
Groundwood____ 2.6 
Semi-chemical_ 0.8 
Screenings, damaged, etc. 0.1 
For all other products" 0.8 
Totals. : 18.0 


(Millions of Tons) 


1960 


1965 1970 1975 
23.1 26.8 30.3 34.3 
7.4 9.1 10.0 
8.7 9.2 9.9 10.7 
3.5 4.1 4.6 5.1 
2.5 2.6 3.1 
1.6 2.6 3.9 5.2 
0.2 0.2 0.2 0.2 
1.2 1.4 1.5 1.8 
24.3 28.2 31.8 36.1 


“White pulps include bleached and unbleached sulphite, bleached and semi-bleached sulphate and 


soda pulps. 
»Primarily alpha and dissolving pulps. 
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classes paper and paperboard for 
each the target years, shows that 
1975, 36.1 million tons wood pulp 
will consumed all products, with 
34.3 million tons required for the pro- 
duction paper and paperboard alone. 
detailed breakdown wood pulp 
consumption type pulp and 
use shown below: 

The following tabulation shows the 
steps involved for computation do- 
mestic pulpwood requirements for 1952 
and each the target years: 


Pulpwood equivalent wood pulp 


Pulpwood equivalent of imports of wood pulp___- ae 


Net imports of pulpwood_______-________- 
Requirements for domestic pulpwood _ _- 


Domestic Pulpwood Sources 
Region 
The changes from 1952 1975 can 
summarized follows: 


Type Wood 


Increase softwood logs and 
Increase hardwood logs and 
Increase mill 

Total increase in pulpwood 


*Decrease. 


Although softwood logs bolts 
accounted for per cent domestic 
pulpwood production 1952, they ac- 
count for only about third the 
expected increase total pulpwood 
production between 1952 and 1975. 
Most the increase softwood logs 
and bolts expected the South, 
reflecting the large forest holdings be- 
ing developed the pulp companies 
and the fast growth pulping species. 

The expected increased production 
hardwood logs and bolts the East 
and South reflects the new pulping 
process utilize hardwoods, the rela- 
tive abundance hardwood supplies 
these regions, the importance 
utilizing the whole forest crop man- 
aged forests, and the expected reduc- 
tion imports Canadian pulpwood 
the East. 

The six-fold increase the use 
mill residuals, from 1.5 million equiv- 
alent cords 1952 9.4 million 
1975, based the potential supply 
chippable material, and the probable 
economic feasibility using it, each 
region. 

The potential annual supply chip- 
pable material the East between 
now and 1975 estimated about 
the equivalent million cords based 
annual lumber production 3.1 
billion board feet hardwoods and 
billion board feet softwoods under 
present industry organization. 
shown below: 
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Yield Chippable 
Material 
(Thousands 
Equivalent Standard 
Cords, Roughwood Basis) 
Softwoods Hardwoods 


From Eastern Sawmills 
with Annual 
Production of: 


Over million board feet 
270 400 

870 1,240 


The following table potential sup- 
ply chippable material the South 
during the early 1960’s based ex- 
pected annual production billion 


(Millions Cords, Roughwood Basis) 


1952 1960 1965 1970 1975 
29.5 38.9 44.1 48.9 54.8 
3.0 4.1 4.7 5.3 6.0 
26.5 34.8 39.4 48.8 
2.0 1.4 1.3 1.3 1.3 
24.5 33.4 38.1 42.3 47.5 


board feet softwood lumber and 
billion board feet hardwood lumber, 
distributed among mills size essen- 
tially present: 


(Millions of Cords, Roughwood Basis) 


East South West Total 


—0.4* 6.8 7.5 
5.3 7.6 
0.9 3.4 3.6 7.9 
2.8 15.5 4.7 23.0 


Yield Chippable 
Material 
(Thousands of 
Equivalent Standard 
Cords, Roughwood Basis) 
Softwoods Hardwoods 


From Southern Sawmills 
with Annual 
Production of: 


Over million board feet 520 250 
1,040 540 
1,660 810 


Because large number small 
mills the South produce lumber 
from small logs, chip utilization has 
been insignificant the South. The 
possible availability whole-log bark- 
ers that will economically feasible 
for mills with capacities low 
20,000 board feet per day (about 
million per year) may make possible 
the utilization larger quantity 
chippable material. Efforts are also be- 
ing made concentrate slabs with bark 
pulpwood shipping points the 
South for mass transportation pulp 
mills. Although the small size slabs 
has made the development econom- 
ical slab barkers difficult, such debark- 
ing appears feasible under some condi- 
tions. Separation bark the 
chips may also prove technically feas- 
ible, despite carly disappointments with 
flotation systems. 

regional basis, the chippable 
located follows: 


the Douglas fir region 
western Washington and Oregon, 


with assumed annual lumber 
output billion board feet, 
4.33 million cords are assumed 
available, plus additional 
million cords pulp chips 
from the production billion 
square feet equivalent) 
plywood. About per cent 
this material produced 
southwest Oregon, where 
little present 
capacity. 


wood regions, with 
board feet, 2.15 million 
chippable material may 
expected. 


including 
eastern Oregon, and the 
Mountain area, with assumed 
lumber output billion 
feet annually, million cords 
chippable materials are 


present, most the more 
nomical sources chips have 
brought into use, although some 
increases chips from existing 
can obtained through additional 
barker installations. believed 
the most important source additional 
chip use the West will attained 
through additional pulp capacity 
other lumber-producing 
the region. 


probable that any substantial 
increase residual utilization the 
West over the million cords 
mated for 1975 could attained only 
rapidly rising costs. Furthermore, the 
achievement this level depends 
the location new pulping capacity 
the lumber-producing areas not now 
serving pulp mills. 


The Demand for Plywood, 
and Building Boards 


Demand for veneers and plywood 
chiefly from the construction 
shipping containers industries, with 
remainder going into wide 
manufactured products. 
facture plywood, which about 
per cent used residential and 
residential construction all types 


Demand for Plywood 


Construction 
The use plywood (primarily 
wood plywood) new 


building can summarized follows: 
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Ceilings 
and 

Interior 
Floors Walls Roofs 
19550 4.2 22.2 9.7 
2.7 52.3 31.6 
1950 7.2 188.0 65.9 58.4 
1033 5.6 184.1 52.0 398.9 
160 7.2 236.3 108.5 492.9 
965...5 7.2 239.1 119.1 567.4 
1870 7.2 251.1 189.9 673 .3 
1% 7.2 254.2 211.2 779.1 


estimates were derived the 
way the lumber estimates 
section lumber demand. 


growth residential use 
wood was aided the development 
1934 exterior-grade plywood for 
has since found great 
popularity among builders prefabri- 
houses. present, about per 
cent the plywood used new resi- 
dential construction for roof sheath- 
ing, about per cent for sheathing 
and facing exterior walls and about 
per cent for floor underlay. The use 


plywood roof sheathing has in-. 


creased rapidly the past few years, 
and this material now represents about 
quarter the roof sheathing market. 

Almost all the use plywood ex- 
terior walls for sheathing, with 
minor quantity being used facing, 
generally prefabricated houses. The 
heavy demand for plywood un- 
derlay material for linoleum and tiles 
residential construction expected 
increase less rapid rate the 
future because the greater use slab- 
type construction reduces the need for 
underlayment. 


Plywood consumption nonresiden- 
tial construction has also increased 
rapid rate. 1951, reported 148 
million square feet plywood were 
used, including about million 
square feet for farm service buildings. 
considerable quantity hardwood 
plywood also used nonresidential 
building for interior panelling. 

The most important requirement for 
plywood non-residential construction 
for use concrete forms provide 
large, smooth finished surfaces, 
finishing time can reduced. esti- 
mated that, all plywood used non- 
farm nonresidential construction, about 
per cent for forms, about per 
cent for cabinets and trim, about per 
cent for interior wall panelling, and 
the remaining per cent for miscel- 
purposes. 

Plywood for concrete forms faces 
competition from steel and hardboard, 
but expected that plastic facing 
plywood and other product improve- 
ments will tend keep plywood 
rong contender. 

Plywood for maintenance and repair 
exceeds per cent the total 
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(Millions Square Feet) 


Millwork, Total 
Accessory 
Buildings, 3,” 
Exterior and Mis- Square Equiva- 
Walls cellaneous Feet lent 
6.6 34.3 48.0 
3.0 7.8 46.9 65.7 
9.7 21.9 143.7 201.2 
56.3 458.4 641.8 
244.6 128.6 1,013.8 1,419.2 
265.1 161.0 1,271.0 1,779.4 
294.5 178.0 1,405.3 1,968.0 
317.8 208.0 1,647.3 2,306.2 
226.0 1,786.0 2,500.4 


plywood supply, and likely that 
this market will expand considerably 
through the do-it-yourself trend. 


Demand for Plywood and Veneer 
Shipping Containers 


Veneer shipping containers used 
for baskets and hampers, wirebound 
boxes, and plywood containers. The 
latter represent about fourth the 
veneer consumption containers. Ve- 
neer preferred for shipping fruits 
and vegetables because its strength 
and light weight, which cuts shipping 
costs. 

Competition from paperboard, which 
has been moving rapidly into the pro- 
duce container market the past few 
years, expected met successfully 
the introduction the kraft-veneer 
container. This container offers strength 
the presence moisture not equalled 


paperboard. 


Demand for Plywood and Veneer 
Manufactured Products 


Plywood and veneer are used for 
wide surfaces furniture fixtures, 
with plywood often providing working 
surface for the application the fancy 
facing veneers. Plywood 
are used such products radio and 
television cabinets, dressers (fronts, 
sides, and tops), chairs, and tables. 
the fixtures field, these products are 
used for counters, cabinets, and show- 
cases; their availability large panels 
has aided the growth plywood and 
veneer the fixtures field. 


the furniture segment, about four 
times much hardwood veneer used 
softwood, and the fixtures seg- 
ment about twice much softwood 
veneer hardwood. Among the most 
popular hardwoods used face veneers 
are gum, tupelo, birch, basswood, black 
walnut, poplar, mahogany, and 
oak. 

Based the outlook for furniture 
and fixtures production, estimated 
that 1975 about 2.25 billion square 
feet plywood can consumed 
the furniture and fixtures industry. 

Plywood and vencer are used 
multitude manufactured products 
besides furniture. Some the more 
important using plywood and 
veneer are the housetrailer, motor ve- 


hicle, trunk and valise, ship and boat 
building, musical instrument, electrical 
equipment, aircraft, sporting goods, 
game and toy industries. appears 
likely that plywood consumption 
this miscellaneous group will keep pace 
with the output these products; 
therefore consumption about 750 
million square feet 1975 appears 
reasonable. 


Total Demand for Plywood 
and Veneer 

Total veneer production expected 
increase from about billion 
square feet 1951 about 34.5 bil- 
lion square feet 1975. Production 
softwood plywood that year ex- 
pected total about 7.2 billion square 
feet equivalent) and produc- 
tion hardwood plywood about 
billion square feet. 


Demand for Building Boards 
(Insulating Board and 
Hardboard) 


Because building boards compete 
with plywood, their demand dis- 
cussed here, even though 
quirements for building boards are 
included under paperboard. 


Consumption building board, 
indicated changes new supply, 
has increased more than ten-fold since 
1929, which the bulk the increase 
coming since the beginning World 
War II. The greatest relative increase 
has been hardboard; about times 
much hardboard was consumed 
1953 1929. Insulating board has 
also shown healthy 700 per cent 
increase during the same period. 


Insulating Board Demand 


Insulating board, which known 
also structural rigid insulation, 
produced from wood fiber and sugar 
cane bagasse. used facing 
material for interior walls and ceilings 
variety forms including planks, 
tileboard, and sheets; also used 
exterior walls sheathing material, 
some cases exterior facing 
material. 

exterior wall sheathing mate- 
rial, insulating board accounted for 
about quarter the residential ex- 
terior wall sheathing market 1953. 
1920, accounted for only about 
per cent this market. expected, 
because the cost advantages in- 
sulating board, that its share will rise 
about per cent 1975, largely 
the expense lumber. 

Insulating board facing material 
for interior walls and ceilings used 
maintenance and repair residential 
construction, and nonresidential 
building. new residential construc- 
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tion, reported residential con- 
tractors 1953, insulating board was 
used about per cent the interior 
wall and ceiling areas. This represents 
decline from estimated per cent 
the ceiling facing market 1929 
and per cent the interior wall 
facing market the same year. For the 
additions and alterations market, how- 
ever, handled the amateur 
and provides low-cost facing material 
for such uses the conversion attic 
space usable living area. 


Hardboard Demand 


Hardboard distinguished from in- 
sulating board greater density and 
rigidity, harder surface, 
resistance impact. Its production has 
steadily increased. 

The following tabulation shows the 
available information hardboard use, 
with projections 1975: 


cent this market, the face stiff 
competition from plywood. 

From about per cent the interior 
wall surfacing market 1953, hard- 
board expected reach per cent 
1975; the ceiling surfacing use, 
hardboard expected increase from 
the present per cent per cent 
the market. Gains are also expected 
the use hardboard roof sheathing 
and for doors, cabinets, and trim. 

Hardboard 
struction largely used for concrete 
forms and interior partitions forming 
permanent parts building. the 
farm, hardboard adapted many 
uses, such exterior wall covering, 
partitions, and bins. With hardboard 
expected gain relative price advan- 
tages and enjoy continued product im- 
provement, expected that the use 
hardboard per dollar nonresiden- 
tial construction will continue in- 


(Millions Square Equivalent) 


Year Construction 
1926 
1929_ 
1933___ 
5937... - 
1945__- 
1947__ 
1948 __ 
: 
1950__ 
218 


n.a. 


531 
773 
1,003 


Note: “‘n.a.”’ indicates not available. 


Source: Actual U. 
Standford Research Institute. 


Hardboard used the furniture 
and fixtures industry increasing 
extent drawers, dresser backs, under 
plastic surfaces dinette sets, and for 
table tops inexpensive furniture built 
for hard wear. the fixtures segment 
the industry, widely used for 
displays, counters, and partitions. 

Hardboard being used more the 
construction industry—both residential 
and nonresidential—because its 
tively low cost and adaptability many 
uses. Estimates the consumption 
hardboard new residential construc- 
tion are given follows: 


Furniture Manufacturing Household Total 
n.a. n.a. n.a. 5 
75 

70 

254 

365 

550 

745 

957 

533 

916 

be 801 
325 282 175 1,000 
425 400 240 1,596 
530 460 270 2,033 
650 570 330 2,553 
780 630 360 3,050 


Department Commerce and Stanford Research Institute. 


Estimates— 


crease, and that 1975 about 350 
million square feet hardboard might 
consumed nonresidential construc- 
tion, compared with slightly more 
than 100 million 1952. 

manufactured products also, hard- 
board has become increasingly popular 
motor vehicle bodies, signs, toys and 
play equipment, electrical panels, air- 
craft die stock, and multitude other 
products. likely hardboard usage 
will continue increase more rapidly 
than the growth these using indus- 
tries themselves. Based these factors 
and the estimated increase industrial 


(Millions Square Feet) 


Year Floors 


Ceilings 
1950__ 25.0 
1953... ... 15.7 23.0 
1960__ : 43.7 53 .3 
1965__ 59.8 87.6 
1970__ 60.5 114.0 
67.8 144.8 


underlay material new resi- 
dential construction, 
counted for about per cent the 
market 1953, expected that 
1975 hardboard will have about per 
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Millwork, 
Accessory 
Buildings 
Interior and Mis- Square Equiva- 
Roofs Walls cellaneous Feet lent 
3.5 28.5 34.1 
17.0 41.6 14.1 111. 126.9 
37.9 95.2 33.4 263.5 298.4 
63.9 156.8 53.2 421.3 476.1 
92.7 231.5 72.2 570.9 644.6 
131.1 321.8 96.6 762.1 850.0 


production discussed earlier, esti- 


mated that hardboard consumption 
manufactured products might reach 630 
million square feet 

the do-it-yourself market, hard- 


board use expected big. Suit- 
able for interior walls and ceilings, 
closet doors, furniture, work surfaces, 
portable partitioning, shelving, and 
many other uses, hardboard 
wears well. From about 210 million 
square feet 1953, home consumption 
crease about 360 million square feet 
1975. 

Total hardboard consumption 
uses expected increase from 
ent levels about 1.2 billion squ 


feet about billion square feet 
1975. 


The Demand for Other Fores: 
Products 


addition lumber, plywood, 
pulp products, number other 
products account for the balance 
timber use. Chief among these are fucl- 
wood, shingles and shakes, coopera 
piling, poles, wood for distillation and 
charcoal and large number misc 
laneous uses. the most 
portant terms wood 


Fuelwood 


reliable data exist past 
ply and consumption fuelwood 
cause the ubiquitous nature 
product and the lack 
fuelwood industry. 
States consumption fuclwood 
summarized next page. 


Shingles and Shakes 


Demand for shingles and shakes 
largely derived from new residential 
market accounted for about per 
total United States shingle and 
consumption. Based estimated 
per cent the total roof market and 
about per cent the exterior facing 
market new frame residential 
struction (reflecting 
ence construction the more 
sive homes), consumption 
shingles and shakes new 
2.8 million squares, Total 
estimated 4.5 million squares, 
which only million are expected 
produced domestically, with 
million imported from Canada. 


Slack Cooperage 

Markets for slack cooperage 
dry bulk terms such food 
milk, meat, poultry, and sea 
hardware (nails, rivets, and bolts), 
bacco and chemicals, including 
soaps and detergents. 

drums, cotton bags, burlap bags, 
paper sacks have cut deeply into 
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(Millions Cords) 


Heat Heat 
Rural Rural Heat 
Year Farm Nonfarm Urban Fireplace Other Total 
1940 Z 38.2 16.6 9.4 12.0 3.1 79.3 
195 20.6 13.0 5.8 14.0 1.6 55.0 
1960 9.3 2.4 14.0 0.6 33.8 
196: . 4.4 5.8 2.4 15.0 0.4 28.0 
1970) = 2.9 4.3 2.4 16.0 0.2 25.8 
1975 2.3 3.7 2.4 17.0 0.2 25.6 


cooperage declined from about 
million barrels 1929 about 
million 1952. 

Based the estimated share the 
bag-and drum-type shipping con- 
taincr market expected taken 
slack cooperage (earlier reference), 
additional per cent decline, 
around million barrels, expected 
1975. 


Tight Cooperage 


The major demand for tight cooper- 
age for the storage whiskey and, 
lesser extent, other alcoholic bever- 
ages. Other products important the 
tight barrel industry are foods (con- 
densed milk, pork and lard, and brined 
meat), and chemicals. 

The failure the tight cooperage 
industry maintain production, which 
has slumped about per cent from 
1929 levels, the result stiff com- 
petition from steel and fiber drums, 
well the development other means 
handling bulk liquid shipments, 
such tankers and pipe lines. 

Piling 

Major uses piling are marine 
construction for wharves and piers, 
heavy land construction swampy 
arcas marginal lands provide 
firm foundations for large structures, 
and for the construction trestles and 
bridges. The lower cost wood piling 
compared steel and concrete, 
combination steel and concrete, 
the predominant factor the use 
wood piling. 

Projections treated piling produc- 
tion based past trend, with war 
years and depression years omitted, in- 
dicate that production treated piling 
1975 might well the neigh- 
borhood 15.5 million cubic feet. 
With expected increase the ratio 
treated piling total piling from 
levels about per cent 
about per cent 1975, total 
piling production about million 
cubic feet would forthcoming 
this basis 1975. 


Poles 


present, there are about mil- 
use for communication 
about per cent these are 
shored with electric power companies. 
are additional million 
now service for the distribu- 
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tion electric power exclusively. Most 


the poles now service are treated 
are reinforced with treated stubs; 
their average life estimated about 
thirty years. 


addition replacement demand, 
new demand for poles will rise rural 
electrification extended and re- 
sult new residential construction 
new areas. Demand for wooden poles 
will tend reduced underground 
installations communication 
and the shift steel towers for power 
transmission lines. 


balance, expected that pole 
production will increase from about 
103 million cubic feet 1952 (for 
about 5.9 million poles, which 5.3 
million were treated), about 128 
million cubic feet 1975. 


Wood for Distillation Charcoal 


The recovery volatile constituents, 
including acetic acid, methanol, and 
acetone, formed the basis the hard- 
wood distillation industry, stiff 
competition from production the 
same chemicals from coal 
leum has left the primary 
product hardwood distillation. Con- 
sumption distillation wood ex- 
pected increase from about 500,000 
cords 1952 about 600,000 cords 
increased charcoal demand. 


Miscellaneous Forest Products 


addition the major uses 
wood and wood products outlined 
indeterminate 
amount wood used for various 
other products. 


Use wood for the production 
chemicals, other than wood used dis- 
demand for timber, since utilizes 
almost entirely forest and mill residuals 
and pulping liquors. Turpentine, for 
example, essentially forest industry 
by-product, utilizing stumps, top wood, 
and waste sulphate pulping liquors. 
Tall oil, another wood chemical, 
by-product the kraft pulping indus- 
try and used the manufacture 
soaps and detergents, surface coatings, 
linoleum, chemicals, and 
ucts. would appear that consump- 
tion 250 million cubic feet wood 
annually (between and per cent 
total wood use) for miscellaneous uses 
reasonable. 


Log and Bolt Requirements 


Because the conversion forest 
products demands their equivalent 
log and bolt requirements necessarily 
entails technical discussion, this section 
will present first the points general 
interest summarizing the results the 
computations. These will followed 
tabulations showing the conversion 
factors used and the computations 
log and bolt requirements for each 
product, which may particular 
interest technically trained readers. 


The conversion end-product de- 
mands for forest products the vol- 
umes logs and bolts required for 
their production involves the following 
steps: 


Total consumption end products 


Less—net imports and re-use 
end products 


Equals domestic production 
end products 


ucts 
Times—Conversion factors 
Equals—Domestic consumption 
logs and bolts 


Domestic consumption logs and 
bolts 


Less—imports logs and bolts 
Less—utilization mill residues 
Equals Domestic log 
requirements 
Domestic log and bolts requirements 
Less—logs and bolts used below 
minimum scaling standards 


Equals—Domestic logs 
scalable size 


The figures for log and bolt require- 
ments this study are for logs and 
bolts scalable size (that is, above 
minimum scaling standards) required 
mill sites. 

The quantity logs and bolts esti- 
mated being required for lumber 
and other forest products that are 
expected produced this coun- 
try future years not directly com- 
parable with shown 
other studies this general type. 

Log and bolt requirements in’ this 
study will tend higher than those 
other studies, that requirements 
this study include logs and bolts cut 
from dead trees. For example, 1952 
Oregon and Washington, 1.8 billion 
board feet logs were cut from dead 
timber, representing 12.8 per cent 
the total volume logs cut the two 
states. This study, unlike others, also 
includes logs from species considered 
est Service well logs from areas 
land” the Forest Service. 
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the other hand, log and bolt re- 
quirements this study will tend 
lower than those other studies 
that requirements this study include 
only logs and bolts needed the mill 
deck, omitting the portion live tim- 
ber cut that left the forest. There- 
fore, this study does not purport 
estimate the drain 
inventory. 

The following tabulation shows the 
beginning and ending the conversion 
procedure discussed the start this 
section, from consumption end prod- 
ucts domestic logs and bolts 
scalable size required for their produc- 
tion, for 1952 and 1975: 


End Product Unit 


Lumber—Total_ _ Billion board feet 
Softwood ___ (lumber tally) 
Hardwood 


Softwood Plywood and Veneer. Billion Sq. Ft. 


a? 


Billion Bd. Feet, 
Local log scales 


Hardwood Plywood and Veneer 

Pulpwood—Total__ 


Shingles and Shakes 
-- 


Million cords 
(roughwood 
basis) 


Million squares 
Million Bd. Ft. 
Lbr. Equiv. 


Million Cu. Ft. 
Poles - Million Cu. Ft. 
Fuelwood? _____- Million Cords 
Wood for Distillation and 

Charcoal_- Thousand Cords 


Mine timbers (not sawn) _- 
Railroad ties 
Miscellaneous. 


Million Cu. Ft. 
_ Million pieces 

Million Cu. Ft. 
Totals 


log scale. 


and bolt requirements from living commercial timber only. 


3Less than 0.05. 


The relationship between board foot 
and cubic foot volumes varies with the 
size material used, will shown 
detail later. The supporting details 
the computations for each product 
are also shown this section. 


Domestic requirements for sawlog- 
size material, expressed board feet, 
are expected increase only 1.7 
billion board feet, about 3.4 per 
cent, between 1952 and 1975. Increases 
requirements for lumber, plywood 
and veneer, pulpwood and poles are 
expected partially offset reduced 
requirements for fuelwood, cooperage, 
piling, and hewn railroad ties. 


Domestic requirements for 
able timber, expressed cubic feet, 
are expected increase 1.43 billion 
cubic feet, about per cent, be- 
tween 1952 and 1975. This relatively 
greater increase cubic volume, 
compared board foot volume, reflects 
part the expected increased relative 
importance pulp, and part the 
expected continued trend toward use 
smaller logs, many them below 
sawlog size but still scalable cubic 
volume. Even within sawlog grades, 
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cubic foot requirements tend 
crease rapidly with decline average 
log size. Cubic foot requirements per 
thousand board feet lumber output, 
for example, are expected increase 
from 154 1952 166 1975. 
The relative importance the major 
end product groups percentage 
total log and bolt requirements 1952 
and 1975 shown the following 


all regions expected that 
there will more intensive utiliza- 
tion practiced logging, closer 
tion logging for pulpwood with 
logging for lumber, and increased use 
thinnings. Under these conditions, 
increased use materials below five 


Percentage of Total Log and Bolt Requirements 


Sawtimber Only All Timber 


tabulation (Based Board Feet) (Based 
Product 1952 1975 1952 


Log and Bolt Requirements inches diameter (for 


foot volumes are not included 
40.7 44.6 foot per cord factors. 
softwood plywood, with adjustm 
3.3 0.56 for mills not reporting consumption 
logs, are estimated about 440 
22.8 36.1 3.9 3.9 1.50 produced 1952. 
3.0 size, and species logs will not 
500 600 0.04 0.04 through 1975. 


through 1975; technological advances 
are expected offset declines log 
quality. 

summary log and bolt require- Summary Major Conclusions 


ments cubic feet regions and prod- Substantial 


ucts for 1952 and 1975 shown technological advances, 
below: creases living standards will 
(Billions Cubic Feet) 
South East West Total 
1.92 0.43 0.56 0.25 0.33 1.76 
Plywood and 0.14 0.07 0.10 0.24 0.56 0.42 
All 0.39 0.14 0.13 0.76 
4.59 5.80 2.07 1.95 4.29 
Note: Detail may not add total, due rounding. 
expected that the average size expand the size 


and minimum size sawlogs will 


the United States economy 
decline each region during the 


1975. 


coming twenty years, with the result This general economic 
that increase cubic feet will will result 
required for each board foot output creases activity 
lumber. Thus, although increased yields (especially residential), 
due technology are reflected directly containers, and 
the decreased requirements meas- Despite these expanded 
ured board feet log scale, cubic foot substantial increases the sv. ply 
log requirements are heavily influenced lumber, from 
the rapid increases cubic footage production from imports 
required per board foot lumber out- likely forthcoming ony 
put with declining log size. costs that will encourage the sub- 
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Furniture Specialist, Freight Loss and Damage Prevention Section, 


Recurrent Damage Furniture Shipments 


HARMON 


Association American Railroads, Chicago, Illinois 


Much furniture damage recurrent and because this 
within means control for prevention. While manhandling con- 
tributing factor damage not the major cause frequently 
attributed. Proper analysis damage experienced together with ex- 
amination characteristics articles and application inner pack- 
ing invariably provides the opportunity for corrective action the 


source manufacture and packing. 


Introduction 


LAIM PAYMENTS FOR and 
totaled $6,730,153 1953, com- 
pared with $7,161,866 1952, 
decrease $431,713 percent. 

would like dwell this damage 
for while, particularly major 
assignment Furniture Specialist 
prevention activity. One amazing fact 
regarding furniture damage almost 
unbelievable, that is, rarely you 
contact shipper that has experienced 
trouble, Their statements are generally 
about follows: “Our claims are 
than percent.” These statements 
are made all sincerity, but unfortu- 
nately claims are seldom filed the 
shipper. Their knowledge damage 
generally based demand for replace- 
ment parts and request for original 
bills lading. Let break this down 
actuality. Many types damage 
would not require replacement part 
nor would reveal the articles rejected 
the carrier for salvage. also true 
some consignees request the shipper 
furnish original bills lading but 
rule indemnity bonds are provided 
them lieu thereof support 
claims. Therefore, most claims are 
presented without knowledge the 
shipper. experience, some ship- 
pers sincerely believe their customers 
would always inform them excessive 
damage. few do, course, but most 
retailers the prevailing buyers’ mar- 
ket will purchase from another source 
rather than bother with transmittal 


ABOUT THE AUTHOR: HARMON, 
“Recurrent Types Damage Furniture 
Shipments” Employed the Associa- 
tion American Railroads, Chicago, 
nois. 
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this information. have dwelt consid- 
erably this phase sincerely be- 
lieve therein lies the possibility pre- 
vention recurrent 
edge its existence followed cor- 
rective action. 


The articles most often involved 
recurrent damage are related volume 
the articles produced and shipped 
case goods, tables and chairs 
this list with one article being im- 
mune damage. More than per- 
cent furniture damage allocated 
unlocated causes concealed 
nature. Determination cause most 
important for prevention function. 
Ideal, course, would the ability 
conduct post mortem each 
damage. With few exceptions, how- 
ever, carload traffic neither loaded 
nor unloaded the railroads, and 
therefore, that responsibility rests with 
shippers and Because rela- 
tively few shipments are inspected 
the railroad before unloading, the 
consignee fails report the cause ac- 
curately, avoidable damage may re- 
peated over and over Likewise 
most articles involved concealed 
damage are unpacked prior inspec- 
tion the railroad representative. Con- 
sequently, our damage qualified 
nature and extent but invariably not 
cause. Our education damage 
inspectors progressing extent 
whereby they are originating much in- 
formation preventive value regard- 
ing extensive repeater damage. 

all know article properly and 
adequately packaged the source has 
been started long way toward safe 
delivery. Packaging specifications’ the 
freight classification are minimum 
quirements with the majority indi- 
providing alternative 
methods packaging. Many manufac- 


Chairman: Stivers 


Recorder: James Goff 


TECHNICAL SESSION May 1954, 8:30 
Subject: Packaging 


turers exceed these requirements 
viding additional inner packing 
ther insure safe delivery prod- 
ucts. Packaging compliance 
ence basic packaging principles hive 
major bearing performance. 
Equally important active supervision 
packing forces and proper 
articles from production packing 


should borne mind the 
lowing causes damage are not always 
positive, that is, all our damage cannot 
charged these reasons, but pre- 
vention has been 
quently enough these analyses for 
warrant your consideration. 


Crated Furniture 


Crated articles Pkg. 5-F must con- 
form construction assembly, lumber 
dimension, specified clearances, and 
suspension, Recurrent types damage 
articles this package generally 
consist chafing unholstery, finish 
abrasion breakage parts. Invari- 
ably this due inadequate blocking, 
bracing suspension, allowing the 
article move within the 


Frequently, suspension members 
placed lengthwise when crosswise 
placement would provide more 
tial support for the article. 
end nailing into suspension members 
not good practice. 


Damage has also been experienced 
with crated articles that are suspended 
with heavy unsupported weight causing 
splitting breaking the 
portion points attachment top. 
Solution: Subsupport additional 
suspension. 


Recurrent Types Damage Case 
Goods Packaged Pressure 
Pack Method 


Top Corners and Edges: 

Bruising, splitting ak- 
age these parts. 

Cause: Inadequate improper 
tection, Blanket materials 
size fully protect finished 
selvedge edge some types some 
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instance affording the only protection 
for these vulnerable portions. 

Correction: Application blanketing 
materials obtain double thickness 
around perimeter top through over- 
lapping body and top blankets. Cer- 
tain styles with overhanging tops 
with extremely square edges corners 
required use double faced corrugated 
fiberboard corner forms. 

Legs Flush Bases: 

Damage: Splitting, chipping 
breaking. 

Causes: Improper positioning 
wooden base frame members too 
dimension frame cross pieces 
affording inadequate mounting. Split- 
ting legs bases due attachment 
wooden frame. 

Correction: Proper assembly and di- 
mension wooden base frame accord- 
ing style case. has been our ex- 
perience that legs bases case goods 
frame much more 
shocks base container cannot 
transmitted directly article point 
attachment. 


Sliding Glass Doors: 


Damage: Chippage breakage 
glass positioned running tracks, split- 
ting case end panels. 

Cause: Existing track tolerance too 
great creating excessive movement 
transit and jumping out track; in- 
secure blocking developing lengthwise 
play; impacts transit against end pan- 
els splitting them dowel attachment. 

Correction: Best method wrap 
glass doors fiberboard wrapper and 
position against back case. 

Hinge Doors: 

Damage: Splitting hinge 
bending loosening hinges. 

Cause: Inadequate securement 
doors. 

Correction: Friction type 
quire proper alinement hold doors. 
Bullet type catches generally provide 
positive positioning. Doors fitted with 
locks should fastened. Our experi- 
ence with magnetic type catches will 
have extended. 


Finish Abrasion and Press Mark- 
ing: 

Damage: Excessive rubbing mark- 
ing finish various points. 

Cause: Insufficient blanket coverage, 
article packaged with finish still warm 
operation. 

Correction: Proper application 
blankets selection material com- 
with type finish. 


Drawers: 


Damage: Divider partition end 
panels broken split. Finish abrasion 
post. 

Cause: Partition end panels have 
damaged placement within the 
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drawers loose bundles detached 
legs hardware. Unsecured drawers 
with faces contact with posts, vibra- 
tion causing abrasion finish. 

parts within drawers eliminate sliding 
impacts against partitions end pan- 
els. Fastening drawers position 
minimize vibration, 
ble when drawers are recessed type 
when faces drawers are flush with 
each other. 


Racking Case Frame: 


Damage: Loosening case frame 
members especially points dowel 
attachment glued blocks. Also split- 
ting breaking various structural 
members. 

Cause: Insufficient application ad- 
hesive. Articles with excessive base span 
without packaging reinforcement. 

Correction: Proper application ad- 
hesive and reinforcement base span 
either with artificial legs under structural 
uprights center placement block- 
ing sufficient thickness near center 
compensate the blocking legs end 
panels. 


Mirrors: 


Damage: Chippage breakage. 

Cause: Pressure exerted fastening 
clips rosettes, inadequate forms 
failing provide positive positioning 
and definite clearance. 

Correction: Removal clips ro- 
settes, positive maintenance position 
and clearance with adequate forms. 


Tables, Wooden, Set Up-Novelty 
Pieces 


The extreme variety styles and de- 
signs this type furniture presents 
many problems that most the 
packages authorized provide alternative 
methods inner packing. Actually the 
choice packing method the manu- 
facturer based knowledge style 
and construction involved, his experi- 
ence dictating those articles with styles 
such nature that automatically require 
suspension. 


Legs and Stretchers: 

Damage: Breaking splitting. 

Cause: Legs mounted improper 
wooden frame suspension inade- 
quate forms. 

Correction: Frame assembly insuring 
adequate positioning legs, suspension 
forms such design bear weight and 
maintain necessary clearance. 


Tops and Corners: 

Damage: Bruising, denting, chippage, 
splitting and breakage. 

Cause: Poor assembly clearance 
forms selection inadequate ma- 
terial for characteristics design. 

Correction: Adequate forms ma- 
terial maintain proper clearances and 
positioning article. 


General Damage—Tables, Wooden, 
Set Up—Novelty Pieces 
Damage has been experienced with 
certain styles tables packaged 
suspension manner, either metal- 
strapped method under top suspended 
structural frame which suspended 
weight hanging like pendulum, 
causing splitting these portions 
point attachment top. Correction 
accomplished through provision ad- 
ditional support sub-suspension. 


Chairs and Davenports 


There are many types packages au- 
thorized for these articles with wide 
variance packing specifications and 
numerous alternative methods depend- 
ing extent upholstery, legs with 
without stretchers, overstuffed and 
period styles and those conventional 
design. 

Each style has its particular character- 
istics with the package performance 
closely related the packing method 
employed; therefore impractical 
this time cover other than damage 
general. 

Breakage legs and chafing up- 
holstery are recurrent nearly all pack- 
ing methods and involve most styles 
chairs and davenports, Cause frequently 
has been improper application pack- 
ing pads over vulnerable upholstered 
finished portions, especially top 
back rests and arm rests. Legs require 
careful consideration style and con- 
struction obtain the most effective 
method protection. 


Other Articles 


Many the other articles furni- 
ture possess characteristics similar 
those previously discussed and encounter 
damage like nature. Actually, pack- 
aging furniture relatively simple, 
most articles requiring container, in- 
terior packing providing clearances 
application pad blanket material, 
and base leg Package per- 
formance dependent analysis 
construction and design furniture 
determine article can carry the con- 
tainer the container carry the article 
combinations these two methods 
are required. 

emphasize again, much furni- 
within means control for prevention 
through, first, knowledge its existence 
and, second, thorough analysis 
cause followed corrective action. Safe 
delivery articles shipped pays divi- 
dends all. 


Discussion 
Howard Smith (General Electric) 
just how severe these tests should 
and whether not there collected 
data from which one could calculate 
shock test severity. 
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Mr. Harmon: There such data 
available and felt that tests should 
such degree duplicate dam- 
age shown field. 

Strand 
lender): there tabulation types 
recurrent damage different types 
furniture? 

Mr. Harmon: specific damage 
tabulation yet. new report form 
being developed furnish this infor- 
roads. Majority damage related 
volume article shipped. 

Beauvis (Turner Manufactur- 
ing): the greater percentage dam- 
age due violation package re- 
quirements the damage due im- 
application? 

Mr. Harmon: The majority the 
cases are not outright violations but 


only misapplications material 
packages which comply. 

Ed. Nagelkirk (Zeeland Furniture 
Company): damage due handling 
packaging not meeting 
ments? truck drivers and other 
handlers observe the direction arrows, 
etc. the package? 


Mr. Harmon: Handling con- 
tributing factor—the lack supervi- 
sion the packaging operation 
also factor. 

Earl Stivers (Package Research Lab- 
One Survey showed that most 
rough treatment occurred during 
handling, especially during loading 
and unloading. This was equally true 
air, truck rail shipments fur- 
niture covering all phases that are 
within their means control. 


The Requirements 


Mr. Strand: Surveys show that 
damage reports come from some sec- 
tions the country than others. What 
being done nationally. 


Mr, Harmon: special 
the carriers has been set study 
prevention damage furniture coy- 
ering all phases that are within 
means control. 


Howard Smith: have found tha 
information that might value 
persons interested and concerned wit! 
tests for packaging contained 
following thesis: 

Classification Hazards Packages 
the Distribution Cycle. 
Thesis file Library, College 
Forestry, State University 
York, Syracuse 10, 
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For Good 


Furniture Packaging 


JACK WARE 


General Sales Manager, American Excelsior Corporation, Chicago, 


This paper attempts correlate the five basic principles pack- 
age design and development with the carrier regulations for shipping 
furniture. Other important considerations such knowledge con- 
struction and design the merchandise, familiarity the methods 
distribution and the expected hazards they entail. Proper supervi- 
sion packaging operations, and the customers’ point view are 


discussed. 


Why Packaging Important 


HEN ONE SPEAKS the furniture 

industry, depending his point 
view, might thinking one 
the many divisions the whole 
which might well classified sepa- 
rate industry. Such divisions include up- 
holstered furniture, case goods, occa- 
sional furniture, metal furniture, office 


ABOUT THE AUTHOR: WARE, JACK 
Speaker, Session Packaging, 
ments for Good Furniture Packaging” 
General Sales Manager, American Excelsior 
Corporation, Chicago, Ill. directs 
and coordinates nationwide sales, supervises 
package development laboratory, and directs 
advertising and sales promotion for the firm 
Attended Georgia Institute Tech- 
nology and Northwestern University 
Formerly with Sears Roebuck and Co., Chi- 
cago charge Quality Control and 
Packaging, Furniture Division; and West- 
ern Electric Company, Chicago, Manufac- 
director and also past executive vice-presi- 
dent and treasurer the Society Indus- 
trial Packaging and Material Handling En- 
gineers, and member the Packaging 
Council, American 
tion 1951-52. 
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furniture, school and institutional furni- 
ture, only mention few. 

spite the fact that the industry 
composed great extent rela- 
tively small producing units, when an- 
nual production all added furni- 
ture sales rank second automobiles 
among consumers durable goods. 

When one looks his own line 
apt raise the question the neces- 
sity all this complicated packaging 
and the expense entails. looks 
his merchandise being well built, 
sturdy, constructed for years useful- 
ness. His thinking absolutely right 
far goes, but only analyzing 
the end use the product and not the 
hazards may encounter from his pro- 
duction line, through its normal distri- 
bution channels. Here lies the crux 
the requirements for good furniture 
packaging. analysis should include 
the method distribution and its haz- 
the kind transportation ysed, 
the warehousing and the handling meth- 
ods used the originating plant 
well that which may occur inter- 
mediate states distribution. 


point out what mean, 
illustrate follows: manufacturer 
bedroom suites might well expect his 
product, say chest drawers, stand 
the average moving around for 
the usual rearranging 
that most housewives seem enjoy. 
the other hand very few would 
think placing that chest vibrating 
machine for hours have any 
idea what might happen the 
glue joints the case, or, there 
little looseness the package, what 
might happen the fine polished finish 
the case. The same questions might 
asked what would have hap- 
chair under like conditions, yet this 
vibration and the length time 
which occurs are normal transportation 
hazards. 


might happen LCL mixed 
shipment when heavy articles and light 
weight articles are loaded adjacent 
each other and the car which 
are loaded switched miles 
hour which considered normal 
dling. Something might crushed. 
you ever run your car into parked 
brick wall miles per hour? 
believe you would have quite 
keep going. These are the same 
forces that take place during norm.. 
in-transit handling furniture. 


Many you are doubt interest: 
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furniture packaging you would 
not attending this session. Those 
you who are responsible for packaging 
and shipping are familiar with the so- 
called packages described and speci- 
the Uniform Freight Classifica- 
for all furniture shipped rail. 
There may some you, however, 
are new the packaging phase 
our business that might not know the 
They were the first specified 
the Official Freight Classification 
after joint industry and railroad 
successful furniture packages 
over period several years. 
ince the initial publication these 
the total number approved 
packages has been greatly increased 
the need has risen and new materials 
and methods have proved their value. 


Mme Are os 
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Some you are quite likely raising the 
question that the railroads tell how 
have pack why concerned with 
how they our customers handle the 
merchandise meets the package 
That good question, 
but must further than that. Usu- 
ally there are several alternative packages 
for any given item shipped and 
here the knowledge handling and 
distribution methods and the normal 
hazards will help determine the correct 
package for your merchandise. One 
thing must borne mind, that 
that the packages are minimum re- 
quirements and many times, due the 
nature design construction the 
item itself, the way dis- 
these minimum standards assure safe 
delivery the ultimate customer. 


Much progress has been made the 
reduction damage furniture since 
the adoption the packages 
evidenced the reports damage 
claims paid released the Associa- 
tion Railroads, yet there 
room for further improvement re- 
ducing this terrific economic loss which 
amounted $5,976,045 the first 
eleven months 1953, the latest figures 
available this paper being 
These figures are for the rail- 
roads alone and not include truck 
and private shipments nor the cost and 
trouble handling the claims. 


believe that while the furniture in- 
dustry covers extreme variation 
type, materials, and construction, that 
the matter packaging that quite 
closely related properly analyzed. 
shall attempt correlate the require- 
ments for good furniture packaging 
this basis. 

Before making this analysis, must 
that there thorough knowledge 

dge the packaging materials 
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used and the method and hazards 
distribution. 


Basically the requirements for good 
furniture packaging are provide ade- 
quate protection, deliver the mer- 
chandise its final destination 
original condition, and, the 
most economic cost. 


analysis the causes damage 
and the types damage resulting from 
these causes are good clue the 
kind protection needed. For example, 
load truckload, much 
eliminated. Thus, the type damage 
which results from mishaps handling 
such dropping, bumping hand 
trucks, tumbling off 4-wheel ware- 
house truck other hazards handling 
assorted merchandise transfer ware- 


houses docks, would not expected. 


the other hand, damage caused 
vibration crushing either from stack- 
ing load impact will encountered 
either LCL, LTL carload truck 
load. 


Five Basic Principles 


would apply furniture 
Basic Principles Protective Packag- 
which must considered the 
analysis, development and design 
every package. Some authorities have 
broken these down into many fif- 


teen principles but for our purpose 


not feel finer division necessary. 
will give you these principles and touch 
briefly each. 


Surface Protection: This may 
described the principle protec- 
tion against abrasion, rubbing, marring, 
bruising, soilage, fading, wetting the 
finished upholstered surfaces the 
product. 


Compression Resistance Con- 
tainer Requirements: This 
principle involving the strength the 
container itself. 


Vibration and Impact Absorp- 
tion: This principle may applied 
within container. 


Anchorage Blocking: This 
principle considered when product it- 
self will withstand shock. 


Maintenance Form Clo- 
sure Insurance: This principle in- 
volves the proper closure, nailing 
fastening the container itself. 

considering each these princi- 
ples elements good package de- 
sign, they cannot 
vidually but must considered collec- 
tively each involves the other and 


change one often necessitates 


change the other. 


illustrate point suppose 
have case piece pack which has 
very highly polished, easily 
ish, which might well decide 


use so-called clearance pack. Here 
would have depend the strength 
the container, thus our second prin- 
ciple must very carefully considered 
and our fourth and fifth principles 
would come for their due share 
consideration. 


Had the finish been better 
tougher quality might have chosen 
pressure type package and here 
would have considered the kind and 
type cushioning needed for our surface 
protection, then principles and 
would considered entirely dif- 
ferent light. 


While the five principles have out- 
lined are applicable any package de- 
sign, packing furniture have 
guided the packages. We, there- 
fore, must select the package number 
which best suits our own particular need. 
Strangely enough although the furni- 
ture packages were not set with these 
five divisions principle specifically 
mind, they coincide very well. 

have attempted cover the princi- 
ples consider the design and se- 
lection the proper package. 
tice, however, there are other factors 
which must analyzed, wit; cost 
and availability alternate materials, 
standardization methods, their ad- 
vantages and disadvantages and your 
customers’ appraisal your packing 
methods, most important factor. 


Importance Human Element 


any discussion the requirements 
for packaging, the human element 
and its proper supervision cannot 
overlooked. The best designed package 
destined failure all materials 
are not properly applied and the package 
securely closed. excelsior blanket 
pad will provide excellent protection for 
delicate fabric securely posi- 
tioned the furniture but were 
glued the container instead, just 
thrown the box the cover could 
rubbed from vibration transit. 

end table might well sus- 
pended container protect its 
delicate legs yet the supporting form 
were not properly assembled would 
not the job intended for it. 

five piece diagonally-braced skid 
specified for many the packages 
yet only one nail used instead 
two each corner and one end the 
diagonal split when nailed there would 
strength there. 


Thus, proper training 
sion the packing room personnel can 
very vital factor. 


Pre-Packing 


previously your cus- 
tomers’ appraisal your packing meth- 
ods. did this for two reasons. First, 
because there better place way 
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find out how good bad your pack- 
age performance is. Secondly, because 
there quite strong movement re- 
tailers furniture obtain what 
called Pre-Packing. This so-called Pre- 
Packing nothing more than packing 
good enough that the merchant can 
deliver your package his customer 
without the expense opening up, in- 
specting and De-Luxing. They are also 
desirous packages which 
opened quickly and the cus- 
tomer’s home with easy disposition 
the packing materials. Some manufac- 
turers are taking additional steps this 
direction using tear tapes their 
containers similar the cellophane tear 
tape package cigarettes chew- 
ing gum, make the opening job easy. 
will hearing more about this 
program time goes on. 

would issue word caution here. 
your zest please your customer, 
sure you not reduce your package 
efficiency just provide this Pre-Pack 
else the program may defeat itself. 


Conclusions 


summing up, would like 
emphasize the following points: (1) 
Know your product. (2) Know your 
method distribution and the hazards 
shipping entails. (3) Consider the 
five principles package design and the 
selection the proper package for 
each item. (4) Carefully consider al- 
ternative materials within the selected 
package and choose the one which best 
suits your product. (5) from your 
knowledge your product and its de- 
sign you believe extra protection 
needed beyond the 


ments, provide that protection. (6) Con- 
sult with your customers the results 
your efforts. (7) Carefully train and 
provide good packing room supervision. 
(8) Never forget your packaging 
your public relations representative. 
presents your merchandise your pub- 
lic, your can presented 
fine, clean merchandise damaged 
goods little use anyone but the 
repair man. 


Discussion 


Foley (Weyerhaeuser Timber 
Co.): most excelsior used the 
form blankets and individual pads 
bulk fiber more widely used? 

Mr. Ware: Most are blanket form, 
but both are used. certain upholstery 
furniture which can packed pack- 
age blankets are used. 


Collender): What should 
cost? Why aren’t costs for furniture 
analyzed other commodities have 
been? 


Mr. Ware: This hard deter- 
mine for furniture because the wide 
variation article. Some relatively in- 
expensive article have fragile projec- 
tions fragile parts which require addi- 
tional interior packaging which makes 
the relative cost protection higher 
than higher price piece which 
very sturdy construction, requiring the 
minimum interior protection, there- 
fore average percentage could 

Question—Why could not aver- 
age cost determined for wood 
chairs 


Mr. Ware: For the reasons given 
Mr. Strand’s question. 

Mr. Centilla (Baker Furniture 
Are there any steps being taken be- 
tween carrier and carton manufacturers 
develop adequate cartons? 

Mr. Ware: This being done 
some companies matter policy. 
Many areas, particularly those which 
have only small amount furniture 
manufacturing companies, 
representatives who have yet had 
experience with the packages and 
some cases the companies 
have had little experience with the 
packages and are therefore unable 
render the best service possible. 

Laboratory): not also true 
the customer always right? 
get it? 

Mr. package design 
Baker Furniture Co. 
item. Some packages are sold 
which not even meet the require- 
ments, 

Ware: There was 
amount work done between railroads 
and suppliers during the early stages. 
same spirit continues, there 
designs, from lack experience 
the part the shipper some 
cases demands the user for lower 
packages, which may may not com- 
ply with all the regulations. there 
doubt compliance the package, 
believe the inspection agencies the 
railroad should consulted. 
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Testing Furniture Packs Insure Good Delivery 


WILMER BALSTER 
President, The Don Quinn Company, Chicago, 
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PAPER COULD, without too 
much effort, considered one 
the impossibility testing furni- 
ture and like packs. 


Some the problems encountered 
are part caused the multiplicity 
methods packing, types product 
and method transportation. 

The number packs permitted 
carrier regulations which carry 


The methods testing furniture packaged within the various 
levels permissible types shipping containers discussed relative 
simulating the testing laboratory the hazards storage, han- 
dling, and transportation. Physical characteristics furniture con- 
struction related testing and damage incidence are also outlined. 


identification was, when this paper 
drafted, 67. 

Combined with the pack 
scriptions are paragraphs specifically 
dicated under item 19501 
pads, bags, envelopes. 

These numerous packs and 
tions packs are means simp! 
set-up shipping containers, 

When test packed item 
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being considered, the method pack- 
ing should checked against existing 
requirements the carrier. 


With that fact established, then 
possible continue your investigation 
the ability the pack withstand 
simulated handling and transportation 


Product Construction Factor 


After the pack has been subjected 
the various methods testing, an- 
variable enters the picture. 
th. type and efficiency construction 
the item being tested. Among the 
more prevalent faults which are dis- 
closed are inconsistent finish, inefficient 
bonding joined areas and low quality 
the materials construction. The 
will enable differentiate between 
package responsibility for 
damage. 


Each them present different 
problem testing. method test 
which would disclose fault one 
type would not develop the facts 
the same manner substitute 
material, 


One example would furniture 
which two more methods 
interior packing details are permitted. 
the suspended item pack were 
dropped bottom end edge you 
would seldom have leg breakage. How- 
ever, the same item were fixed 
frame base with the legs fastened 
the frame bottom edge end drop 
could cause damage the legs the 
materials construction were low 
packing details were not 
unctioning properly. the same anal- 
ogy suspended pack would possibly 
develop fact under compression 
whereas another type pack would 
indicate nothing value. Metal con- 
struction would show weld joint 
failures. These opposite values exist 
great number packs. example 
different results under tests would 
plastic cabinet containing rather 
dense unit. Under normal handling 
where damage results finished wood 
item would possibly scuff abrade 
the surface permitting refinishing 
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acceptable manner. The plastic under 
the same conditions would 
majority cases beyond repair due 
the below surface changes which 
could not corrected. wood, joints 
would part; plastic would fracture. 


Suiting the Test the Case 


the various classifications the 
outer container can anything from 
regular slotted container wrap, 
form-fitting 200-pound test with 
limitation. Again different test proce- 
dures are necessary disclose packag- 
ing, product structural weakness. 

The method test frequently in- 
dicated the method closure used 
the completed pack. Closure 
ciency varies depending the pack 
used. 


The level simulated rough han- 
dling that packed item subjected 
governed one more the 
following: (1) Method transporta- 
tion; that is, less than carload, carload, 
and parcel post. (2) Method han- 
dling and storage the productive 
stage. (3) Nature pack and product. 
(4) Past performance packed prod- 
uct actual storage, handling, and 
transportation. 


The methods testing the dis- 
posal the testing laboratory are all 
the standard methods plus those 
often developed establish failure 
fact demonstrated actual serv- 
ice. currently use vibration, drop, 
drum (both and 14-foot) compres- 
sion and combined incline impact, and 
some not presently accepted, develop 
and establish facts. are often 
called upon subject substitute mate- 
rials furniture construction ex- 
treme atmospheric conditions com- 
pare their quality material now 
use. The substitution has been quite 
active the past year. 


Sources Failure Within Pack 


The factors contributing container 
interior packaging detail failure are 
numerous. 


Some that have encountered 
corrugated packs are low grade com- 
ponents fabrication, such insuffi- 
cient adhesive facing material, in- 


adequate bonding, extreme pressure 
during single facer operation, poorly 
formed scores, crushed corrugations. 
Sometimes the outer container in- 
compatable with interior packaging de- 
tails. This usually occurs where outer 
container and interior packaging de- 
tails are procured from different 


Again the quality interior pack- 
aging may lower 
Faults other than corrugated packs 
such wood, plywood, cleated cor- 
rugated, wirebound and others are in- 
adequate and improperly placed fasten- 
ings. Again high moisture content 
wood, improper dimensions, 
cient application cushioning mate- 
rial may involved. 


Transportation Variables 


Transportation variables 
ence test procedures. Our most difficult 
method transportation parcel post. 
determine whether pack has 
adequate factor safety for parcel post 
percent more rough handling. Shippers 
frequently find that when they change 
from any form transportation 
parcel post, the cost additional pack- 
aging for the same factor safety 
much one third higher. 


Any criticism existing furniture 
packaging should done with the 
following facts mind: The majority 
the presently approved packs were 
and crates interior packaging mate- 
rial and they are not wholly the result 
carrier proposals exclusively. The 
fact that pack meets specifications 
not evidence that will perform satis- 
factorily service. 

classify the type furniture pack 
and their individual method testing 
plus the reasons for testing would 
require great deal time and effort 
which this time would considered 
prohibitive. 


The laboratory its testing, attempts 
determine the ability the packs 
deliver economically, the pack fails 
that effort assists fixing the 
responsibility for its failure. 
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Handling Small Parts Pallet Boxes 


Inter- and Intra-Plant Shipping 


ALAN IRWIN 


Plant Manager, General Box Company, Detroit, Michigan 


The bulk handling small parts from the point manufacture 
point consumption brings play modern mechanical 
handling techniques. The field material handling has enjoyed 
unparalleled evolution the past decade. 


the very heart this vast program must lie the bulk con- 


tainer 


pallet The choice the proper container 


the particular job hand delicate and interesting challenge 
the person responsible for efficiency and economy the container 


program. 


OME THE FOREGOING discussion 

today has related the Packaging 
and Packing automotive parts for 
domestic distribution. When these parts 
are distributed from their point man- 
ufacture, they may end one 
two different types locations: 


They can shipped auto- 
mobile assembly plant, which 
case they are 
tion Parts,” 


house from which point they 
automobile dealer who takes care 
your car, and mine, our 
local agency, which case they 


either case, however, see that vast 
movement takes place from the point 
manufacture the point where, 
production part, they become 
part automobile, or, service 
part, they become part inventory 
shelf. 

Whatever their ultimate use, 
desirable that these parts move out 
other words, want handle 
large number these small parts 
one time, rather than separately. There 
is, then, need for some sort con- 
container into which large 
number small parts can placed 


ABOUT THE AUTHOR: IRWIN, 
ALAN. Speaker, Session Packaging, 
“Handling Small Parts Pallet Boxes 
(Inter and Intra Plant 

Plant Manager for the General Box Com- 
pany, Detroit, Michigan attended Penn- 
sylvania State University and Yale Univer- 
formerly worked instructor Pennsyl- 
vania University. 
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for more efficient 
tainer that will “make big ones out 


Pallet boxes perform this function. 
pallet box just box pallet, 
simplify its lowest common 
denominator. nothing more 
less than consolidated container com- 
bining the features bin box, 
and integrated with pallet facilitate 
mechanical handling. 

general statement, these pallet 
boxes are available manufactured 
paper, steel, wood depending upon 
the purpose served. 

The choice type material used, 
and the choice design employed 
the packaging engineer, are dictated 
the function that expected this 
pallet box: This function, job 
done, may one three—storage, 
intra-plant movement, shipping. 


(1) its function 
one storage, with materials 
being placed and taken out 
the container without much 
movement the pallet box it- 
self, can justify pretty 
high cost, high quality, very 
sturdy and durable container 
that approaches the nature 
investment, rather than 
shipping expense. becomes 
part warehouse the same 
sense that row metal bins 
becomes part warehouse. 
With this storage type pallet 
box, the weight and cost the 
pallet box can higher than 
with either the other two 
functions. 


(2) the other hand, in- 
parts between various build- 


ings the same plant 
between plants the same 
pany, can again have 
mains within the captive sys 
and the title not changed 
ing the life time the 
tainer. 


(3) however, our pallet 
customer, and title 

pallet box receive the most 
phasis. Here are 
with purely shipping 


This last application, that 
ping, certainly covers the largest 
ume pallet boxes that are manut.c- 
esting challenge the packaging engi- 
neer because the balance factors must 
economical pack. this 
category with which are 
concerned today. 

general statement, pallet boxes 
for customer shipment can divided 
into two broad classifications: 


Returnable for re-use, and 
Expendable. 


Obviously, the container 
tended for re-use, going 
huskier specifications than one 
that intended for one trip. The 
roads are currently 
studies the feasibility making 
turnable metal containers part ‘he 
permanent dunnage railroad 
general statement, there has 
the industry very broad trend 
from use returnable wooden 
ers contrasted with 
lowing the war when everybody 
thinking terms re-usable con 
ers. The principal reasons for 
boxes, are briefly follows: 

Time lag between date 
ment and date that pallet box 
have been consumed the asse: 
line, and the box can ready for 
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turn shipment. some cases, this time 
several months, and the 
too heavy, the investment too 

Responsibility for repair floor 
pallets, and for loss com- 
parts such sides ends. 

The shipper may receive back 
plant, containers supplied 
competitive shipper. many cases, the 
gets back, which has been 
supplied his competitor distinctly 
his own, and may even fail 
while his possession. 

complexity accounting for 
pallet boxes. other words, the 
problem the bookkeeping end the 
job. the shipper decides mutual 
agreement with his customer that five 
round trips should par for the 
course, will bill his customer 
Sth the price the container 
each trip. may shortly find that 
only receiving round trips with his 
container before lost broken 
returned the wrong shipper. 
the other hand, his container per- 
forms six seven trips, his customer 
insists upon adjustment. There 
never ending wrangle who 
breaking the containers and who 
should repair 


The simple physical job deter- 
mining the inventory these pallet 
boxes, and whether this that pallet 
box belongs source Source 
That sounds like very simple 
problem, but can assure you that this 
objection the most serious one 
overcome. Someone will surely rise 
this point and say not invoice 
the pallet box separate item the 
invoice just the petroleum industry 
docs with their metal drums?” Well, 
fairly durable material. contrast, 
pallet box from company may 
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not fit the pallet supplied com- 
petitor, and our customer’s yard they 
are inter-changed. There more this 
whole problem that have indicated 
here, but suffice say, that very 
real obstacle the general program 
re-useable containers. 


The return freight charges are 
considerable. Though 
has been brought bear for lower 
return rates empty pallet 
boxes, the freight bill for the home- 
ward trip remains obstacle re-use. 


And so, have seen that the ex- 
pendable one trip container accounts 
for the great bulk pallet box busi- 
ness the present time and under 
conditions. Expendable pallet 
boxes today are for the most part 
either (A) all corrugated, mounted 
expendable wooden corrugated pal- 
lets, (B) nailed panel stitched panel 
type made resawn slatted construc- 
tion, either lined unlined with cor- 
rugated material, and held position 
box horizontal banding, (C) 
light wirebound construction. 


The principle factors which influence 
the choice these materials, and the 
determination the specifications 
used, are follows: 


handled the box. 


pure mixed? This has the most 
direct influence upon the dimensions 
the pallet box. 


Length the haul. Obviously 
shipment across the country required 
different answer from that posed 
shipment across the city. 

Are the parts pre-packaged for 
example chip-board boxes, are 
they bare? 


Are the parts place-packed 
hopper-packed jumble fashion? 


pilferage for example automobile 
radios hub caps? 

Value contents. pallet box 
with several hundred dollars worth 
spark plugs radios will justify 
little more investment than one con- 
taining handful raw metal stamp- 
ings. 

Will the pallet box handled 
clearance, will move entirely 
can handled fork lift trucks. 

car, will shipped permanent 
dunnage car with two three false 
floors addition the floor the 
car, must each pallet box able 
support additional two three 
stacked top it. 

10. there possibility storing 
these pallet boxes outdoors damp 
humid 

11. Does the customer intend that the 
box arrive its first destination sat- 
again possibly twice more? 

These are some the many ques- 
tions that must considered the 
determination what pallet box 
used handle any given shipping 
problem. 


Discussion 


Landt (Forest Products Lab- 
Have you experienced any 
application pallet boxes for air 
freight? 

Mr. Irwin: The problem loading 
and unloading too great. 

Earl Stivers (Package Research Lab- 
oratory): Our Laboratory has done 
some work with 
along this line. lot small ship- 
ments can consolidated thus reduc- 
ing handling costs. The pallet boxes 
are even being returned for reuse from 
overseas. 
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PEISTER 
Chief Boxing Engineer, General Motors Overseas Operations, New York, 


What precautions are exercised the automotive industry 
deliver approximately ten percent its national production over- 
seas customers without excessive losses? The author has made sub- 
stantial contribution the development the export packing indus- 
try through his long experience this field with General Motors 


Overseas Operations, both here and abroad. 


this article 


describes few the phases automotive export preservation and 
packing currently practiced the auto industry. 


PRESERVING and packing 
vehicles and components for export, 
practiced the automotive industry 
around the world may broken down 
into four distinct and separate methods 
—each having little relation 
other, except that all are destined for 
export shipment. These four methods 
are described below. Because the in- 
terest the Forest Products Research 
Society container materials, 
discuss only boxed shipments. 

Quantity per 

shipment 


Boxed, crated, bundled 


Boxed Vehicles and Units) 

Conventional preservation 
ing passenger car may accom- 
plished follows: 


Passenger Preservation: Appli- 
cation protective coating over all 
exterior bright metal prev ent dam age 
from salt air. Such coating should 
tough enough serve its 
pose, yet easily removed with available 
and inexpensive Paste type wax 
commonly used for this 


ABOUT THE AUTHOR: 
ervation and Packing Automotive Vehicles 
and Components for Export 
Chief Boxing Engineer, General Motors 
Overseas Operations, New York, New 
York supervises the packing all 
products exported General Motors Over- 
seas Operations from Canada and the 
Advisory assistance Vauxhall Motors, 
England; Adam Opel Works, Germany; 
member the Society Industrial Pack- 
aging and Materials Handling Engineers, 
the American Society for Testing Materials, 
and the Army Ordnance Corps. 
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Oil combustion chambers and 
inders engine suitable manner 
vent corrosion. Manufacturers’ opinions 
vary both material and method 
for this operation, but most agree that 
necessary requirement. Quality 
motor oil will fill this need, however, 
there are other products which are more 
satisfactory and more economical. 

Drain fuel and cooling system. 


Passenger Preparation: Parts re- 
moved from vehicle should packed 
securely within the trunk fastened 
the interior the shipping container 
such way that they will not damage 
themselves the vehicle. 

reduce the overall length, re- 
move front and rear bumpers, also the 
tail pipe extends beyond 
the body. 

reduce the volume, compress 
front and rear chassis springs 
cure compression fixtures against loosen- 
ing. 

Remove wheel and tire assemblies 
from axle hubs. 

the vehicle equipped with 
friction clutch, should partially dis- 
engaged prevent adhesion friction 
parts (50 percent the clutch pedal 
travel should adequate). Excessive 
disengagement clutch will weaken its 
pressure springs. 

Close all windows within 
inch top opening for ventilation 
and exclusion foreign matter. 

Open fresh air vents via dash con- 
trols for ventilation. 


Passenger Packing: Locate the 
vehicle within the bottom panel the 
proper clearances from the vehicle 
the sides and ends its container when 


Components For Export Shipment 


they are added Opinions vary 
the proper method securing 
sembled vehicle its shipping 
tainer, but widely accepted 
involves the use four 
ing-type brackets bolted respectively 
four axle hubs. Each bracket sts 
and nailed suitable wood 
ing secured the bottom the 
tainer. 

These four fastenings should 
only contact between the vehicle 
its container, other than the 
member clearance mentioned below: 

Interior dimensions the shippiag 
container when assembled 
vide minimum clearances from the 
vehicle follows: 

Inches 
X-frame member of chassis to bottom 

Brake drum backing plate bottom 

Side of vehicle to bottom framing (side sill) |. 
Side vehicle side panel framing 

sheathing_- 2 
Front of vehicle to end. panel framing or 

sheathing 2 
Rear end panel framing 


sheathing_____ 
Roof of vehicle to ‘top panel framing _- 3to4 


Most exporters trucks 
assemble and road-test them before 
livery the shipping department 
packing. some instances, 
line operations are made with 
mum attaching stock (just 
bolts and nuts hold the vehicle 
gether) reduce disassembly labor 
the shipping room. other 
stances, vehicles are only 
sembled and such items cabs, 
hoods, radiator shells, grilles, 
running boards etc. are delivered 
the production department the 
ping department via conveyor 
trial truck. 

Conventional preservation and 
ing two truck chassis 
(which have been assembled and 
pletely painted) may 
follows: 


Truck Preservation: See 
Passenger preservation (a.) 
See Boxed Passenger 


(b.) 


Truck Preparation: Rem 
from chassis frame all assembled 
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Preservation and Packing Automotive Vehicles and 


‘igure 1.—A, top side sills; top end 
bottom side sills; bottom end sills; 
corner posts; side struts; end diago- 
no! braces; side diagonal braces; cross 
heoders; cross header support; bottom 
square-edge end sheathing; 
squore-edge side sheathing; tongued- 
and-grooved top sheathing; square-edge 
sheathing; waterproof paper; 
irons; drainage cracks bottom 
sheathing; side filler batten. 


except motor and transmission, hydraulic 
brake lines and fuel line. 
See Boxed Passenger preparation 


(d.) 


Truck Packing: Two vehicles pre- 
served and prepared outlined above 
are packed four separate packages, 


Chassis case—contains two stripped 
chassis, all axles and sheet metal 
Cab case—contains two cabs, all chas- 

sis springs and two radiators 
Wheel and tire bundle contains 

wheels and tires for chassis 
Wheel and tire bundle contains 

wheels and tires for chassis 


Chassis Packing: The packing 
two stripped chassis together with axles 
and sheet metal made compact 
practicable but providing suitable clear- 
ances 


between the lower engine and bottom 
the container 

between the lower transmission and 
bottom the container 

between the upper engine and top 
the container 

between the engines 
bers frames 

between the engines and axles 


Effective fastening must provided 
for all components two-unit chassis 
prevent movement which would 
result damage, Customary practice 
follows securing two chassis together 
with band iron bolts, then 
anchorage and support this assembled 
mass within the bottom the shipping 
container with wood blocking and band 
Axles and sheet metal are next 
upon and parallel with the 
surface this grouped material. 
Tough paper, coroflex and corrugated 
products are used protect sheet 
parts when packing. 

This assemblage material usually 
package only slightly longer 
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than the chassis frame with width and 
height approximately inches each. 
will noted that the contents this 
package are supported from and an- 
chored the bottom the shipping 
container, without contact other 
points, which simulates passenger car 
packing. 


Cab Packing: Two assembled cabs 
are placed side side, but facing 
opposite directions when packing them 
the bottom panel their shipping 
container. Both cabs are individually 
supported from and secured the con- 
tainer bottom panel. Support 
chorage usually accomplished bolt- 
ing two wood members the bottom 
each cab the same manner 
chassis frame supports and attaches 
cab. Then the ends these wood 
members are supported and secured 
the side sills the container bot- 
tom panel. Proper packing two cabs 
this manner would provide for mini- 
mum clearances shown below: 


clearance between cabs 

2-inch clearance side cab end 
container 

2-inch clearance back cab side 
container 


clearance front cab side 
container 

clearance roof cab top 
container 


Chassis springs are usually packed 
within the cab case reduce the weight 
the chassis case and such times are 
secured the container bottom under 
the cabs. such instances, the chassis 
springs were left the chassis case, the 
shipper would encounter substantial 
freight penalty the nature heavy 
lift charge (cases excess 6,720 
Ibs.). One radiator core, including its 
grille and sheet metal shell, can con- 
veniently packed within each cab, after 
securing the seat cushion the back 
cushion. 


Container Construction 


Figures and illustrate the con- 
tainer construction generally use both 
here and abroad, for the export shipment 
and units). This design very 
flexible one, easily adjusted size and 
strength for wide variety vehicles 
machinery. Also lends itself pre- 
fabrication panel form, either the 
adjoining the lumber source, which may 
many miles distant. 

further advantage this design 
the ease with which can constructed 
reusable container. Such container 
may constructed nailed panel 
form, then the panels joined means 
bolts and floating nuts. 


Figure 2.—Nailed wood 
ment—method applying straps corners 
and side edges cases. 


Lumber: Southern yellow pine 
lumber used most extensively for ex- 
port containers the A., while 
Canadian spruce predominates 
Canada. 


Framing lumber consists nominal 
No. Common Grade. 

Sheathing lumber consists 11/16 
inch thick resawn material surfaced one 
side and two edges No. Common 
Grade. 


Tongue and grooved sheathing 
generally used construction top 
panels with square edged sheathing else- 
where. 


Nails: Assembly lumber into 
panels always made with cement- 
coated wire nails preferably with blunt 
points and sinker heads unless they can 
clinched. Uncoated wire nails are 
acceptable only when they extend 
through the pieces lumber being as- 
sembled and make minimum clinch 
inch, preferably inch. 


Waterproofing: The top panel 
each container lined with quality 
waterproof paper single sheet (not 
spliced). This sheet fabricated be- 
tween the framing members 
tongue and grooved sheathing the 
top panel. 


Ventilation: Export shipments en- 
counter many variations temperature 
which frequently result condensation 
and resulting rust metal surfaces, 
unless adequate ventilation provided. 

preferences for ventilation 
methods vary widely. efficient and 
economical means ventilating painted 
vehicles when packed outlined this 
paper, may provided for omitting 
paper lining from side, end 
tom panels the container which are 
constructed with square edge lumber. 


Drainage: Shipments sometime en- 
counter accidental damages transit re- 
sulting quantities water entering 
the container. drainage cracks inch 
wide are arranged every inches 
between bottom panel sheathing boards, 
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any water within the container will 
drain and prevent extensive water dam- 
age merchandise. 


Boxed Components Vehicles 
(12 Units) 


the export automotive industry, 
have commonly used term known 
CKD which represents Completely 
Knocked Down. 

Automotive CKD, shipped over- 
seas, simulates the degree assembly 
which these parts pass from man- 
ufacturing operation domestic as- 
sembly line. will not attempt item- 
ize the myriad vehicle parts that are in- 
volved, Most manufacturers ship CKD 
cause proven nesting advantages. 


Preservation: With CKD shipping, 
preservation becomes much more ex- 
tensive activity than with one and two 
unit packing painted vehicles. Prac- 
tically none the CKD components 
are painted therefore, interior oiling 
motors, transmissions, axles, steering 
gears must provided either the 
manufacturing shipping department. 
All unpainted metal such fenders, 
hoods, roofs, doors etc. must pro- 
tected against rusting. Two types 
anti-rust protection are currently use, 
namely vaporizing chemical inhibitors 
and rust inhibited oils. 

Vaporizing chemical inhibitors are 
used flake powder form and blown 
air gun required. This material 
also available paper which 
used various ways prevent corro- 
Treated paper this nature can 
draped over materials, used case 
liner wrapper. 

Oiling parts against rusting may 
accomplished spraying, brushing 
dipping and all three methods are 
employed. 


Packing: Packing unpainted 
CKD containers requires 
blocking and bracing prevent denting 
breakage, but cushioning pre- 
vent scratching not nearly 
sary with two unit packing truck 
fenders and hoods, which are painted. 

Many items such horns, air filters, 
fucl pumps, lamps, mirrors, hardware 
are received from 
aged corrugated cartons with paper- 
board prevent one part 
damaging Such packaged mate- 
rial packed received within ex- 
port 

the packaging and packing glass and 
Glass packaged wood 
crates boxes which are blocked the 
bottom the trim case, then sur- 
rounded and covered with upholstery 
This case special construc- 
tion avoid condensation and exterior 
water damage. 
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Container construction for this type 
shipping parallels that used for boxed 
vehicles. addition, some shippers use 
cleated panel type container which 
features three-way corner. The cleated 
panel container seldom uses framing ex- 
ceeding 15/16 inches and this fea- 
ture permits clinched nail construction 
which very desirable for concentrated 
loads. 


Lumber: See Lumber under Boxed 
Vehicles, foregoing. 


Nails: See Nails under Boxed 
Vehicles, foregoing. 


Waterproofing: The top panel 
each container lined with super qual- 
ity waterproof paper single sheet 
(not spliced). This sheet fabricated 
between the framing members and the 
tongue-and-grooved sheathing 
top panel. addition, side, end and 
bottom panels are lined with quality 
waterproof paper. Some shippers supple- 
ment this waterproofing with water- 
proof umbrella sheet over the material 
within the container asphalt mastic 
and paper exterior coating both. 


Ventilation: Export shipments en- 
counter many variations temperature 
which frequently result condensation 
and resulting rust metal surfaces, un- 
less adequate ventilation provided. 

preferences for ventilation 
methods vary widely. However, most 
drill specified number holes 
given size either side 
and cover with baffle deflect the 
elements. Some shippers drill cluster 
end panels and omit the baffle. 


Drainage: Shipments sometimes 
encounter accidental damages transit 
resulting quantities water entering 
the container. drainage cracks inch 
wide are arranged every inches 
between bottom panel sheathing boards, 
any water within the container will 
drain and prevent extensive water dam- 
method effective CKD containers, 
necessary slit the 
paper over each inch 

Some shippers prefer drill holes 
the case bottom, while others prefer 
omit drainage openings. 

All the three packing methods 
described above are intended for out- 
door storage and handling via crane. 


Boxed, Crated, Bundled, Etc. Service 
Parts—Any Quantity 


Service parts here are 
those repair parts which all automotive 
manufacturers ship dealers replace 
broken and worn parts during the life 
vehicle. Incidentally, the potential 
life expectancy motor vehicle over- 


seas much greater than the 
Canada. 

Most manufacturers package 
service parts today for domestic sales 
appeal. These domestic packages are ac- 
ceptable overseas, except 
erning regulations, some the printing 
has obliterated. 


Packing: two orders for 
ice parts, even from the same 
are never identical, consequently, cach 
order has considered for packing 
its own merits. 

Shipping departments automo: 
manufacturers who receive orders 
substantial volume for export 
standard sizes containers, which 
for large portion their business 

Previous 1952, most export 
ice parts orders were limited 
from 400 700 pounds gross per 
tainer because carriers and 
seldom had facilities handle 
shipments. Most service parts shipmc 
move via covered truck railway 
warehouse seaboard, thence 
covered lighter truck the steamsh 
Since these facilities are now 
with fork trucks, have only make 
sure that overseas facilities 
nature are available our 
before increasing gross weights 2,000 
pounds, Currently some our service 
parts shipments are going forward 
containers equipped with skids 
2,000 pounds gross. 


Preservation: The preservation 
forded export shipments service parts 
duplicates that used domestically, 
cept rare 


Containers: wide variety con- 
tainers used for the shipping 
ice parts. These containers consist 
many types, for example; 
wood boxes, style no. and 
wood boxes, twist and loop closed 
bound boxes, nailed wood crates, 50- 
gal. steel drums, 5-gal. steel drums and 
pails. 

many items such wheels, muffler 
pipes, exhaust pipes which 
themselves bundling are 
flat round steel strapping. 

Usually the quantity export 
ice parts being prepared for shipm 
portion his total business 
export container influenced 

Export consignees are not fussy 
their merchandise without loss 
age, and its cost not out 
the value the material 
shipped. 
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DAVID McCALLA 


Vice President and General Manager, Fiberesin Plastic Co., Oconomowoc, Wisconsin 


Composition boards, they are more fre- 


quently termed, consisting wood fibers and natural synthetic 
resin binders have long been proven and acceptable forest by- 
product which have found and expanded their own end-use markets. 
recent years there has been very considerable increase pro- 
duction such composition boards, variations type board and 
techniques manufacture. Concurrently there have developed 
new materials utilizing composition boards part thereof, the use 
composition board core material with various types surfaces 
one phase such utilization. This paper discusses the use 
laminated decorative melamine plastic surfaces composition 


board core for furniture usage. 


Market and Demand 


DEVELOPMENT and marketing 
melamine-plastic 
position boards for use furniture 
construction has occurred through the 
evolution natural consumer de- 
mand for improved working surfaces 
having greater resistance normal 
wear and abuse. Melamine decorative 
plastic laminates proved their ability 
this demand commercial ap- 
plications and went establish 
themselves the kitchen counter and 
table field and into the mass market 
small dinette tables. With the com- 
paratively recent. development 
cellent printed wood grains and im- 
provement color tones, decorative 
plastic surfaces this type have now 
made sizable entry into living room 
and bedroom furniture. 

The transition from kitchen living 
room brought about change 
quirements major importance 
the necessity edge treatment con- 
sistent with similar furniture wood, 
which precluded use the conven- 
tional metal molding open plywood 
core edges. While high quality 
wood lumber core plywoods with 
were able enter this new 
comparatively high cost limited 
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their use and kept them out the 
volume market. 


the institutional field the require- 
ments for plastic tops such items 
hotel and motel furniture, dormitory 
furniture, and school desks 
stressed even greater degree the 
necessity suitable working surface 
and edge treatment capable with- 
standing the greater abuse inherent 
sonable cost. 


Advantages 


applications this type the ad- 
vantages suitable composition 
board core, surfaced with decora- 
tive plastic laminates include: (1) 
Finished surfaces and edges providing 
high resistance damage and deterio- 
ration, (2) core edges capable being 
worked and finished regular furni- 
ture methods additional cost, (3) 
smooth, flat surfaces, free from grain 
“telegraph” and gluing irregularities, 
and (4) lower costs achieved through 


Choice Composition Board 


The choice particular type 
composition board for use core 
material, the establishment 
target specification for the development 
such board, may governed 
the end use the finished product 
the surfacing 


Choice Core Defined End 
Use: have previously discussed 
the market requirements for suitable 
edge capable being shaped and 


The Use Plastic-Surfaced Composition 
Board Home and School Furniture 


finished standard furniture methods. 
this requirement must added the 
additional furniture requirements of: 
Good impact strength—both sur- 
face and edge, (b) high fiber-to-fiber 
bond strength, (c) good screw holding 
power (although eventual screw hold- 
ing power increased large extent 
the plastic surface), (d) good di- 
mensional stability, moderate 
weight, and (f) light natural color. 

Almost all these requirements, 
with the exception weight, indicate 
desirable core density per 
cubic foot Inasmuch 
lower density core does not any 
the other requirements, must 
vantage. 


Choice Core Defined 
Process: The application decora- 
tive plastic surfaces composition 
board core may achieved (a) 
gluing previously plastic 
sheets the core secondary gluing 
operation; (b) laminating the plastic 
surfaces directly the core, sometimes 
referred the opera- 
tion; and (c) laminating 
surface the core during the actual 
pressing the core. 

While the last method would appear 
offer the greatest potential cost sav- 
ings and definitely physically pos- 
sible process, extremely doubtful 
that economically feasible due 
the high reject factors encountered 
where the plastic surfaces are decorative 
and not subject further finishing 
refinishing after the pressing opération. 

define the advantages 
processes (a) and (b) necessary 
consider the density the composi- 
tion board core used. process 
(b) the core must sufficient 
density withstand the heat and pres- 
sure the direct lamination the 
phenolic and surface 
rials, whereas process (a) the core 
need only withstand the very modcrate 
secondary gluing pressures. However, 
the very low density cores not meet 
the previously outlined market and 
use requirements. Therefore, 
need consider processes (a) and (b) 
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only the light core densities 
Ib. per cubic foot. this range the 
direct laminating process (b) proves 
superior the basis of: (1) Cost— 
Through fewer operations, lower mate- 
rial costs, less trim loss, and fewer 
rejects through less handling. (2) Sur- 
face smoothness—Freedom from glu- 
ing irregularities. Dimensional sta- 
bility—Achieved through 
strength hot phenolic bond between 
surface and core and the complete 
balance surface resins and fibers. 


From the foregoing have con- 
cluded that comparatively high den- 
sity composition board 
factory for our purposes, even though 
weight itself disadvantageous. 
date have found that core densities 
foot are necessary maintain the other 
required. This high weight 
factor not serious disadvantage 
often assumed—in fact, has 
furniture the retail 
Nevertheless, definitely increases the 
basic cost the consumer, and tends 
limit design certain applications. 
Therefore, must regarded the 
major technical problem this field. 
Development work now process 
several composition board producers— 
and potential producers—show prom- 
ise maintaining other desirable prop- 
erties densities the 50- 
range, weight decrease which would 
offset percent present weight 
disadvantages. 

result both production and 
experimental evaluation large 
number composition boards, our 
belief that for use core direct 
laminating operation the dry process 
boards are far superior the wet 
process boards with 
ence fiber-to-fiber bond strength be- 
tween the original wet felts and the 
tendency the wet process boards 
delaminate between these layers under 
flexural stress. Fiber bond strength and 
resistance delamination also indicate 
the superiority particle type board 
over fiber type board, although recent 
developments fiber type boards show 
possibilities superior qualities 
lower densities than have been realized 
particle type boards. 


Factors Affecting Sales and 
Utilization 


The Furniture Manufacturer: 
While certain amount information 
regarding fabricating techniques, tools, 
etc., must necessarily supplied 
furniture manufacturer planning use 
plastic surfaced composition board, 
far the greatest problem train 
diplomatically his usually competent 
woodworking employees. The problem 
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similar that encountered the 
early use aluminum sheet steel 
fabricators. man having had decades 
experience producing wood com- 
ponents for fine furniture not exactly 
receptive stranger telling him how 
saw, shape, route, drill, etc. mate- 
rial which from its appearance, con- 
siders himself well qualified handle. 
Scant heed paid written instruc- 
tions, and verbal assistance usually 
met with either stony indifference 
“run along, attitude. Fortu- 
nately, the ensuing rejects are glar- 
ing cause rapid change heart 
and the battle won before the losses 
become serious. The detail require- 
ments for carbide cutting tools, cutting 
speeds, etc. are the 
furniture plant once their need ac- 
cepted. The two real problems are those 
handling prefinished plastic sur- 
face and the necessity accurately pre- 
drilling for screw attachments and 
using the proper size and type screw. 
The former problem rapidly dissipat- 
ing market demand causes more and 
more manufacturers offer plastic sur- 
faced furniture. The latter problem 
usually overcome sad experience, 
described above. 


The Furniture Salesman: The man 
selling furniture retail store has, 
general, proven capable sales 
engineer, both willing and able 
absorb sufficient knowledge new 
material present intelligently and 
sell effectively. For the laminator 
and the furniture manufacturer 
only required that they supply him the 
proper information and sales tools 
the form literature and samples. 


The man selling institutional furni- 
ture users, such schools, hotels, etc., 
the fortunate position being 
able sell product that knows 
answers critical problem his cus- 
tomer, and with that advantage his per- 
formance has been phenomenal. Again, 
providing the proper information and 
sales tools are the only requirements. 


The Furniture Retailer: The fac- 
tor affecting sales this level sales- 
manship itself. With apologies the 
minority capable retail furniture 
salesmen, believe that the majority 
have very little detailed knowledge, 
desire acquire that knowledge, 
the products they attempt sell. This 
serious factor the entire furni- 
ture industry, and even more serious 
factor those utilizing new products 
whether they new and superior 
method furniture finishing, 
plastic-surfaced composition board 
table top. With the buying public 
the mood demanding more quality 
for their dollar, amenable never be- 
fore new ideas, and ready break 
with traditional concepts for the ad- 


vantages modern design, function 
and materials, serve them the 
retail level with expensive advertising 
denoting mythical off” sales and 
little pertinent information 
garding the merits the product. 
truly negative sales This 
serious problem regardless product 
material, and disheartening one 
those who would offer new product 
superior qualities. regret that 
making this criticism cannot offer 
constructive suggestion. 


Consumer Acceptance: 
furniture: The growth consumer 
acceptance for decorative plastic 
record. The additional attributes 
composition core having hard, 
ble edges, extremely smooth, flat 
faces and high resistance ict 
damage have done much 
will insure long range growth 
demand. 

School and institutional furnitu 
Furniture this category 
exceptional wear and abuse and 
with which the finest hardwood disk 
top, having the most durable 
finishes, can become hopelessly 
child with other weapons than 
sharp pencil and ball point pen 
amazing those not familiar with 
school problems. Most educators 
agree that vandalism, the desire 
destroy, not the major 
but rather the problem that same 
tendency absent minded 
which cause adults deface telephone 
booths. The type damage caused 
where pen pencil 
picks soft grain area wood 
top and makes slight indentation 
which then becomes the focal point for 
further and relatively 
short time becomes deep trench 
very often worked into initials 
designs. 

The uniform hardness and 
ness the plastic decorative 
completely overcomes this problem 
the school field. 

The second most serious type 
damage school desk tops 
impact damage the edges 
damage where open plywood edges 
the slight crevice between the 
top and metal plastic 
invite the prying efforts the 
pen, pencil knife. 

board offers the most acceptable 
for this problem due the high imp 
strength the core itself and 
homogeneous, smooth, shaped 
tions invite prying. 
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These factors are prime impor- 
school furniture and are also 
important factor other types 
institutional furniture. both types 
surface abrasion wear can 
and here again the exceptionally 
smooth plastic surface, free from 
show-through gluing irregu- 
provides the utmost protection 
this type wear the abra- 
effect dispersed over the full 
area rather than being concen- 
grain glue line irreg- 

any school institutional table 
tops where food served, there has 
always been sanitary hazard. table 
tops with metal plastic molding 
around the edges, the crevice between 
the top and the molding can trap food 
particles which become contaminated. 
Again, the plastic surfaced composition 
board with its smooth shaped edges 
eliminates entirely this potential hazard. 

hotel and motel furniture, and 
some restaurant furniture, has 
long been considered necessary make 
“five-sided” plastic 
tops both protect the plywood core 
and obtain satisfactory appearance 
values. While the appearance values 
undoubtedly enhanced this 
process, although comparatively 
high cost, the protection against dam- 
age doubtful value that the 
corner and edges the plastic band- 
ing tend chipped service and 
result very poor appearance well 
being practically impossible 
pair. this category furniture the 
use plastic surfaced composition 
board with shaped and finished edges 
provides highly acceptable appearance 
values, and greater resistance dam- 
age. Where moderate damage sus- 
tained, can easily repaired 
light sanding operation 
ing the edge finish, thus providing 
longer useful life lower cost. 

All these factors have been 
prime importance the rapidly grow- 
ing acceptance of, and demand for, 
school and institutional furniture for 
working surface components fabricated 


from plastic surfaced composition 
board. 


Discussion 


Paul Graham (Woodworking Con- 
Does material require carbide 
tipped cutting tools? 

Mr, McCalla: Yes. 

Hamilton (Souhegan Mills, 
Wilton, H.): When forming lam- 
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inates while bonding you need high 
density, but what the trade reaction 
this high density core? What 


density required your type product, 
the core material? 


McCalla: Density the core 
mately per cubic foot. While 
have encountered some 
sistance due heavy weight this 
product, has been more than offset 
the ability shape and finish edges 
without necessity other banding 
material. Screw holding power also 
important and general increases di- 
rectly with density. Face impact strength 
the plastic surface also important 
and, dependent primarily the impact 
strength the core material which 
also increases with density. 


George Marra (Washington State 
College) (for Mr. Verbestal—S. 
Verkor): possible avoid warp- 
ing without back sheets processes 
and 

Mr. McCalla: No. 


Mr. Marra (for Mr. Verbestal): 
What effect particle size? 

Mr. McCalla: Particle size will have 
effect processes and Particle 
size one shot operation can affect 
surface appearance due 
swelling spring back particle 
after pressing. Particle size also affects 
the integrity the edges and gen- 
eral large particle sizes produce poor 
edge. 

Mr. Marra (for Mr. Verbestal): 
What pressures are usual? 

Mr. McCalla: most laminating 
melamine decorative lam- 
inates, pressures the range 1,000 
are normal. Pressures low 
200 p.s.i. are possible under very care- 
fully controlled conditions but are not 
feasible production volume. For one 
shot laminating operations, our be- 
lief that pressure range from 350 
optimum. 

Mr. Marra: (for Mr. 
you have specifications set and 
you have boards that meet your 
requirements? 

Mr. McCalla: Yes. are sev- 
eral boards available which general 
meet our requirements, but believe 
there must continuing efforts towards 
improving core materials for this pur- 
pose. 

Mr. Hamilton: What would you 
consider optimum density for com- 


core which 1/16 in. plastic lam- 
inate applied? Please take into 
consideration all types 


where weight may become economic 
factor. 


Mr. McCalla: Where plastic laminate 
applied process (gluing opera- 
tion), the density the core which 
the surface smoothness avoid 
“telegraphing” and the screw holding 
power the core. Overall strength 
the sandwich and decision 
whether edge banding will used 
will all determine optimum density for 
the core board. The lowest density 
compatible with the foregoing require- 
ments being most desirable. 


possible avoid warping proc- 
esses and without balancing the 
board with back sheet? 


Mr. McCalla: No. 


Mr. Verbestel: possible have 
the same high quality surface 
process and processes and 
considering the minute difference 
density due the size particles 
(compressibility) 


Mr. McCalla: believe quality 
that achieved process with respect 
surface smoothness inasmuch 
there gluing irregularity grain 
telegraphing; however, particle 
and density the core processes 
and can contribute 
“orange surface appearance where 
particle size too large and density 
too low. 

Mr. Verbestel: Does the writer have 
quantitative specifications meet his 
requirements? there board that 
meets these requirements? the 
specific weight dry basis? 

Mr. McCalla: have quantitative 
specifications meet our requirements. 
date there not our knowledge 
core board that meets our specifica- 
tions; however, there are several boards 
which have proven satisfactory 
for todays market requirements and 
from our knowledge current devel- 
opment work various board 
facturers, our belief that the next 
two years will see vast improvement 
these boards well new boards 
which will produced. The density 
figures previously referred are the 


basis approximately maximum 
moisture content. 
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Precisely cut wood particles the form flat flakes, thin 


Dimensional Stability Resin-Bonded 
Wood-Particle Panels 


DALE 


Forest Products Laboratory, Forest Service, Department Agriculture 


strands, helical ribbons, and cubes were converted resin bonded 
panels. The panels ranged from 0.5 1.05 specific gravity. They 
contained variously either percent phenolic resin and, 
some cases, developed strength and dimensional stability comparable 
plywood. Several particles derived from commercial materials are 


also included this comparison. 


Particle shape, resin content, and density effects are related 
bending strength, thickness change after water soaking, and linear 
expansion during cyclic exposure percent and percent rela- 


tive humidity. 


Panels made with percent resin, various surface texture and 
having excellent properties, are technically feasible when based upon 


particles sound fiber structure. 


Introduction 


from diverse timber operations 
constant goal wood research. The 
addition basic knowledge that will 
contribute directly indirectly this 
objective important function the 
Forest Products Laboratory. 

search was inaugurated dry-form 
that would transform wood 
waste into structural materials and low- 
cost molding compositions. Wastes 
the form logging residues and un- 
used byproducts from sawmills and 
manufacturing amount about 350,000 
tons per day (14).* The widespread 

the Forest Products Laboratory, Forest Sevice, 

Department Agriculture, which main- 
tained Madison, Wis., cooperation with 
the University Wisconsin. The 
dress of the author is Olin Industries, Inc., 
General Research Organization, East Alton, 


Underlined numbers parentheses refer 
Literature Cited end report. 
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and ample supply this low-cost ma- 
terial has spurred process development, 
but the factors capital investment, 
resin cost, market development, and 
sparsity basic technical information 
constitute formidable barriers the use 
significant amounts normally 
wasted wood. 


The raw material and market eco- 
nomics Europe encouraged the early 
development several types wood- 
particle panels. Kollman (9) provides 
review processes and machinery 
widely used European factories. 
discussion chip-core processes and 
given Sides and Colucci (12). 
mendorf reviewed those compositions 
excelsior and inorganic binders such 
Portland cement reference (5). 
Their studies show that extensive 
development the technology wood- 
waste usage had taken place Europe; 
yet the underlying technical and eco- 
nomic requirements for success United 
States markets were not comparable 
those factors prevailing Europe. De- 
spite the need for products both 
higher quality and low unit costs, the 
main emphasis development has 
been upon moderate-strength core-stock 
materials. The literature this topic 
now fairly extensive (1), (2), (3), 
(4), (6), (7), (8), 
(13). 

Panel materials derived from sawdust 


hammer-milled hogged chips 
not yield structural 


products unless the density and resin 
content are relatively high. 
these products are satisfactory for 
applications, and their use has been 
creasing. Most the present 
using installations are combined with 
established operation rather than 
form independent industry. 

and cost limitations showed 
sawdust-resin compositions gave 
promise making substantial 
waste economically feasible. With 
above background factors mind, 
basic problem could stated: 
properties must compare favorably w:th 
accepted wood-base materials, such 
plywood and hardboard, yet the resin 
content must low enough main- 
tain costs within competitive limits. 

The structural element bonded 
aggregate composition the 
and the consolidated product’s perform- 
ance mainly reflection particle 
characteristics. The correlation 
cle geometry and its structural quality 
with panel properties was thus logical 
path toward further progress. funda- 
mental research approach rather than 
empirical improvement conventional 
processes was therefore established. 

The principal purpose this report 
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SAWDUST 
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HIGH SURFACE 
RATIO OF WEIGHT 


Figure 1.—Relation resin-bonded 
ticle-board strength the 
to-weight ratio. 
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Effect Particle Size and Shape Strength and 


Figure 2.—Fibrous particles commercial origin (above). coarse excelsior hammer- 
milled through 0.75-inch-diameter hole, then passed over 0.125-inch-mesh rotary screen; 
fine-grade excelsior processed and coarse fiber (produced Wisconsin 


Wood Products Co.) processed 


Figure 4.—Enlarged diagram (above) chip sections generated 
rotary cutter. particle sections generated tangential 
feed. The sections shown correspond three rates feed. 
particle sections generated alinement feed stock center 
plane, and cutter axis. These sections indicate the particle cross 
section when feed-stock thickness corresponds varying fractions 


the cutterhead diameter. 


derived panel qualities. 
principles involved can 
ther: discerned and, with suitable in- 
problems. 
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Experimental Procedure 
The primary objective the experi- 
mental program was establish 
spectrum data that 
particle-shape influences upon panel per- 


Figure and made with 45° 
pitch cutterhead. They are 0.012 and 0.018 
inch thick 3-inch fiber length. 
approximate cube, 0.070-inch side length, 
made Wiley-mill reduction thin cross- 
sectional wafers Douglas-fir. 


formance behavior. simple calculation 
concerning particle 
bles reveals that enormous range 
surface-to-weight ratios involved; 
for example, from 1/8-inch veneer 
wood flour. Furthermore, the fibrous 
nature wood compounds the problem; 
equal surface-to-weight ratio the 
form’ fine sawdust and whole fibers 
would assuredly behave differently 
panel form. 

clarify these issues preliminary 
but crucial experiment was conducted. 
Two extremes fibrous and nonfibrous 
particles the shape fine sawdust 
and whole-wood fiber were selected. 
third extreme, particles sound fiber 
structure but with very low surface- 
to-weight ratio, was provided the 
form hammer- 
milled veneer strips. The 1/16-inch 
veneer was cut into strips inch long 
fiber direction; thus milling breakage 
was mainly parallel rather than across 
the fibers. The resultant blunt-ended 
Sliverlike particles were screened yield 
fraction free both excessive fines 
and thick splinters. These veneer-based 
particles were from 1/8 inch long 
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and cross sections varied from about 
1/64 1/16 inch square. 

These three particle extremes, saw- 
dust, fiber, and slivers, were then treated 
with equal amounts resin, converted 
flat panels, and tested. The qualti- 
tative test results are shown figure 
This single experiment thus forecast 
the general area which optimum 
quality would found; fiber structure 
must undamaged and the surface-to- 
weight ratio should tend toward that 
veneer rather than that individual 
fibers. Therefore the field intensive 
research would most fruitful when 
confined particles complying with 
these general 


Particle-Preparation Methods 


The range particle dimensions had 
chosen with reference tech- 
niques available for particle generation. 
frequently the case, the practical, 
working program represents compro- 
mise between the desirable 
possible. 

The approaches particle generation 
may roughly classed (1) random 
production followed classification and 
(2) precise cutting that requires little 
any subsequent classification. The 
latter method preferable for research 
purposes since particle controlled, 
uniform dimensions the sole product. 
The sliverlike shapes from veneer 
example the random-fractionation 
method. similar processing sequence 
was used make test particles from 
commercial excelsior and coarse, 
mechanically made fiber such that 
produced the Wisconsin Wood 
Products Company. These fibrous mate- 
rials were first hammer-milled, then 
screened small inclined 
classifier. Typical fibers obtained are 
shown figure The procedure for 
making the cubic particles presents 
hybrid the methods; end grain 
wafers about 1/16 inch thick were 
sawed from and then reduced 
Wiley mill which the knife clear- 
ance was set about 1/16 inch. The 
ground product was passed through 
1/8-inch perforated basket 
Wiley mill), then screened subsequently 
eliminate fines. judicious selection 
spacing about per 
inch, the above technique provided 
satisfactory yield uniform cubelike 

Although the 
particle-preparation method simple 
and direct, was inadequate for 
thorough study particle geometry 
effects. method based 
controlled cutting was needed. The 
initial attempt along this line utilized 
metal planer. plow-type cutting tool 
having 2-inch cutting edge the 
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Figure adaptation used for experimental wood-particle generc ion. 
The near-side plywood vertical support panel has been removed here illustrate the 
portion the feed channel. The temporary screw-jack supports below the feed slot 
necessary because absence plywood panel. The pusher bar (projecting 
the right from the top the triangular brackets bolted the machine table) 
the left end allow easy insertion wood blocks feed channel. 


Figure 6.—Detail view cutterhead cutting flake from feed stock. 
phosphor bronze flap spring, attached the inner surface the upper channel 
prevents the wood block from vibrating during its advancement into cutting circle. 


sides diagonally oriented, square, 
tool-steel bit was used. adjustment 
wood-block size, cross-slotting pat- 
tern, and veneer laminating technique, 
both thin, flat flakes and helical strands 
could made. This procedure was 
tedious, but did yield particles whose 
dimensions were under precise control. 

more versatile and far 
ductive system was devised modifica- 
tion standard milling machine. 
the early trials short plank section was 
clamped the machine’s reciprocating 
table, and tangential cuts were made 
milling metal slab. When the grain 
direction parallel the cutter axis, 
uniform relatively undamaged chips are 
rapidly produced. However, using 
the conventional tangential feeding ar- 
rangement, which common practice 
wood planers also, chip nonuni- 


form cross section generated. The 
cutting principle sketched 
A.The usual chip form had fragile 
trailing edge that was easily broken, 
while the wedge-shaped 
caused distortion during drying. 

The objective virtually 
chip cross section was 
suspending rigid, stationary feed 
front the milling cutterhead. This 
setup permitted coincidence the 
stock center plane and cutter 
that the entire block was 
flakes advanced into the 
illustrates this principle. 

The illustrations figures and 
show the essential mechanical 


appropriate selection cutterhead, 
dle speed, and feed rate, the ticle 
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Figure view milling machine 
setup. Feed-block sample (kiln-dried) and 
type flake generated are machine 
table. Tube line provides compressed-air jet 
aid discharge chip from cutterhead. 


Figure cut from wet spruce. Those upper group 
about inches long; the lower group, about 1.50 inches. 


Thickness values are: 


Inch 


A—0.006 
B—0.007 
C—0.009 
D—0.018 
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thickness could precisely controlled. 
was found that flake sections below 
0.005 inch thick were excessively dam- 
This thickness dimension 
the order fiber diameters; 
thus would inevitable that 
appreciable fraction total fiber con- 
tent would subject damage 
the cutting edge when cross sections 
this range are generated. The upper 
practical chip thickness, with this equip- 
ment, was about 0.050 inch. this 
dimension the chip did not flex readily 
and frequently clogged the gullet region 
the cutterhead. was also noted that 
the particle surface texture tended 
resemble the open and closed faces 
poorly cut thick veneer. 


Since the chip-removal process de- 
technology serves guide mini- 
mizing fiber damage this system. 
Reasonably good particles may pro- 
duced from the dry wood some 
species, but the use water-soaked 
material perferable retain 
particle. this work water-soaked Sitka 
spruce was used for making all the flat- 
and helix-shaped flakes. 


ployed particle generation studies 


Figure 8.—Typical milling cutterheads 
used making experimental particle shapes. 
The center cutter has only cutting edges, 
which form 68° left-hand helixes. The left 
cutter has cutting edges disposed 45° 
right-hand spirals. The right-hand cutter, 
which was ground provide increased 
hook angle, has teeth about 20° 
right-hand spiral. 


presented figure The general form 
configuration the particle 
governed the cutter-edge 
The 45° and 68° helical 
those shown figure and The 
20° cutter yielded flakes that were nearly 
flat, particularly the cutting was from 
wet wood. Typical examples 
latter flakes are shown figure 

precise strand-making 
was developed follows: Sliced Sitka 


Inch 
E—0.030 
G—0.030 


Figure method used generate controlled- 
size strands. Blocks are parallel-laminated spruce veneer. Flakes 
below blocks are all 0.018 inch thick, from which the strands under 
the flakes are derived dissolving the glue (hide glue) with 
hot water. 
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spruce veneer was conditioned 
percent relative humidity for several 
days, then parallel-laminated, with hide 
glue, into slabs about inch thick. 
Following removal from the cold press, 
the laminated planks were crosscut into 
pieces whose length the grain direc- 
tion corresponded the desired final 
strand length. These sections were then 
immediately reduced flat flakes 
using the milling cutter equipment 
described above. These flakes were then 
immersed hot water; whereupon the 
glue holding the flakes together quickly 
dissolved relatively un- 
damaged thin strands resulted. The cross 
section the strands was determined 
the initial veneer thickness, 0.042 
inch all cases, and the other 
direction the cutterhead-speed and 
feed-rate relationship. constant cross 
section was used for all strands made 
this program—the only dimensional 
variable was length the grain direc- 
tion. The percent relative humidity 
conditioning facilitated particle cutting. 
effort was made use still higher 
moisture content, but the resultant glue 
bond was weak that delamination 
occurred the cutterhead with attend- 
ant extensive fiber damage. The final 
phases this particle-generation scheme 
are outlined figure 10. This proce- 
dure, though possessing excellent control 
features, may aptly described 
laboratory 

The lack fiber damage shown 
wide range flake thicknesses 
technical significance the appraisal 
the rotary milling cutter method 
particle manufacture. hypo- 
thetical example indicates the output 
potential this mode 
production, For the ensuing calculations 
assumed that rectangular slabs are 
continuously advanced into the cutter. 

Notation terms: 


length feed stock (inches) 
grain direction parallel ‘to 


cutter axis 

(inches 

(inch) 


per minute) 


feed rate stock (inches per 
minute 
volume wood converted per 


hour (cubic feet) 


Values assigned for purposes 
tration are follows: 


feed rate, independent length, 
and thickness stock, but 
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with loading hopper 
place. This added side height needed 
with the more voluminous particles. 


speed, and desired flake thickness 
accordance with the equation: 


432 inches per 
minute. 


The theoretical volume 
hour then computed from the relation: 


FLT(60) 
1,728 
1,728 


360 cubic feet 


per hour and, using density value 
pounds per cubic foot (dry basis), 
the converted wood weight is: 360(40) 
14,400 pounds, the neighbor- 
hood tons per hour per machine. 

Although wide latitude permissi- 
ble for the feed, dimensional, and 
cutterhead variables, evident that 
capacities the range several tons 
per hour per machine are within the 
realm engineering feasibilty. 


Resin Application 


Resin treatment levels could based 
two differing concepts, 
weight relation the particle’s surface 
area, (2) weight fraction the 
particle. The first basis has some theo- 
retical justification, but its interpreta- 
tion becomes meaningless dealing 
with batches random-dimension 
cles those similar dimension but 
varied surface texture. For these 
reasons, and also con- 
siderations, the resin content was based 
the initial dry weight wood 
particles. 

Preliminary efforts apply dry, pul- 
verized resin dry particles were 
Distribution uniformity 
was poor, segregation resin ‘in the 
mold was evident, and dusting losses 
were indeterminate. Spray application 
water suspension powdered 
phenolic resin proved satisfactory. 


Figure 12.—Particle charge under mold 
plunger ready for consolidation and 
ical panel appears when first stripped 
from the mold. 


pulverized, water-insoluble resin 
treatment control problems. 
stance, the uniformity 
the particle could quickly checked 
microscopic examination, while 
penetration would essentially const. 
regardless the moisture content 
particle the time treatment. 
concentration the suspension was 
altered for the three levels treatment 
such way that the total weight 
suspension applied was the same 
equal-weight lots particles. 

Estimation the resin-spray losses 
was initially verified including 
the suspension weighed amount 
water-soluble dye that had 
narrowly defined, spectral absorption. 
After spraying, sample treated 
particles was thoroughly water extracted, 
the extract’s spectral transmission was 
measured, and, from the ratio sample 
weight that the total batch 
treated particles, the spray loss was 
termined. Retention level was not 
than percent, and most cases 
was probably nearly 100 percent. 


spray 
gun was used apply the 
foot diameter, slow-turning drum 
mounted horizontal shaft was 
tumble the wood particles 
were sprayed. Microscopic 
treated and untreated thin, flat 
showed uniform resin coverage even 
the percent level. The moist, trea 
particles were dried 50° 
forced-circulation oven, then cor 
hot-pressing. 


Panel Preparation 


batches were hand-distributed 
4-inch-deep 10- 10-inch mold. 
mold, press arrangement, and 
panel before and after pressing 
shown figures and 12. 
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Figure 13.—Test panels inch) from various 
thicknesses Sitka spruce flakes inches long. 


F 


Figure 15.—Panels made from 3-inch-long helical flakes Sitka 
spruce and small cubic particles Douglas-fir. 


17.—Panel made from dry Douglas-fir planer shavings 
screened pass over mesh opening. 
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Figure 14.—Sitka spruce strand-based panels. Strand lengths from 
top down are 0.375 inch, 0.75 inch; 1.50 inches, and inches. 


Figure 16.—Panels based upon commercially available 
fibers made from aspen. 


Figure 18.—Panel derived from green Douglas-fir planer waste, ham- 
mer-milled and screen-fractionated over opening. 
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levels 250, 500, and 1,000 pounds 
per square inch were used produce 
panels various densities. The molding 
cycle was done 160° for 
minutes, and all test panels were with- 
drawn hot from the mold. They were 
subsequently trimmed and racked for 
conditioning percent relative 
humidity for days longer. repre- 
sentative sample display the various 
test panels made shown figures 
through 18. 

The entire test series included the 
following particle shapes 

(a). Flat flakes: 1.5- 
lengths, specially cut from Sitka 
spruce. 
3-inch fiber 
length, specially cut from Sitka 
spruce. 
Straight, thin strands: 0.4- 
inch length made laminated- 
veneer and flake-generation tech- 
nique from Sitka spruce. 
Cubic: made Wiley milling 
and fractionation thin, end- 
grain wafers Douglas-fir. 
Excelsior: made from commer- 
cial grades coarse and fine 
aspen material. 
Fiber: from mechanically made 
coarse-grade aspen supplied 
the Wisconsin Wood Products 
Co. 
Planer shavings: mill waste from 
both dry and green Douglas-fir 
lumber. Supplied Weyerhaeu- 
ser Timber Co., North Bend, 
Ore. 


Testing Procedure 


Measurements were made for the 
determination (a) specific gravity, 
(b) modulus rupture percent 
relative humidity, (c) modulus 
rupture after two water-soaking, oven- 
drying cycles, (d) springback change 
soaking, ovendrying cycles, and (e) 
linear expansion during cyclic exposure 
percent and percent relative 
humidity. 

Bending tests were general accord 
with Tentative Method D-1037-52T 
the American Society for Testing Mate- 
Specific gravity values were based 
specimen weight and dimensions 
time test. 

Linear-expansion measurements were 
made panels conditioned constant 
weight percent and then 
percent relative humidity. The expansion 
percentage reported based the 
difference between the initial dimension 
percent relative humidity and that 
percent relative humidity follow- 
ing cycles exposure. 


(b) 


(c) 


(d) 


(f) 


(g) 


Presentation and Discussion 
Results 


Approximately 350 tests panels were 
involved, from which more than 2,000 
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Table description 


Particle Species Symbol Length 
class 
Inches 
Flat 3F6 : 2.9 
Do. 3F18 209 
Flat 1.5F18 1.35 
Straight 4S 240 
strand 28S 280 
: 1.50 
3S 3 2.9 
Excelsior Aspen About 
Coarse 
Fiber wre ‘ 


was commercial grade material, hammer-milled through 3/4-inch-diameter 


Width Thickness: Average 
Inches Mils Grams 
095 9 143 250 
2042 18 29031 400 
2042 3 18 20136 400 
About About 


perforated basket, then passed over rotary screen. 


2coarse grade mechanical fiber supplied Wisconsin Wood Products Company. 
Screened over rotary screen. 


SEVEN-PLY 
SPRUCE PLYWOOD 


MODULUS OF RUPTURE (1,000 P.S.1) 


6 
06 08 40 42 14 
SPECIFIC GRAVITY 


Figure 19.—Results strength tests 
seven-ply spruce plywood panel. 


specimens were derived. Condensation 
the results and their interpretation 
was therefore necessary. 

Descriptive data the principal 
particles are given table The 
particle abbreviations shown there are 
used table which summarizes the 
average values obtained for panel den- 
sity, strength, and dimensional change 
under the two types cyclic exposure 
employed. The data for panels 300 
347 were extracted from 
Forest Products Laboratory typewritten 
report the suitability Douglas-fir 
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SEVEN-PLY 
SPRUCE PLYWOOD 


THICKNESS AFTER 2 CYCLES OF SOAKING 
AND DRYING (PERCENT INITIAL THICKNESS) 


06 08 10 


SPECIFIC GRAVITY 


Figure 20.—Relation thickness spring- 
back density seven-ply spruce panel 
after soaking. 


planer shavings for core-stock 
The planer shavings, which typify one 
form waste commonly available, 
included broaden the 

reference standard was 
(0.042-inch veneer) crossbanded 
spruce plywood served this funct 
Plywood panels were 
several pressures bracket the 
pated specific gravity range 
particle-based 
density correlation the plywood 
trol series given figure 19. 
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thickness springback was markedly af- 
fected density and shows 
nounced maximum figure 20. The 
improvement stability beginning 
1.05 1.10 specific gravity perhaps 
due permanent fiber-cavity deforma- 
tion similar that obtained making 
the material called 
also possible that the higher densities 
increased resistance diffusion 
water penetration during the 
immersion cycle was greatly retarded. 
should realized that the extent 
thickness recovery affected the 
density the wood from which the 
particle made. species higher 
density than spruce would tend show 
less springback for pressed panels 
equal specific 

The strength properties fiberboards 
and particle panels are directly influ- 
enced density. Therefore, valid 
comparisons should made 
equal specific gravity basis. Since the 
experimental panels involved disper- 
sion density values, sequence 
data-treatment steps was necessary 
arrive common basis evaluation. 
This was done follows: (1) Working 
plots the strength-density relation 
for each particle type each resin 
content were prepared, (2) slope lines 
that best conformed the prevailing 
trends each resin treatment level were 
estimated, and (3) from these slopes 
the strength-value intercept refer- 
ence specific gravity was determined. 
this program working 
gravity 0.80 was selected, this 
was about the average for the entire 
series. higher, lower, reference 
density could used, but with some- 
what less confidence the resultant 
strength comparisons for the whole 
group. Two examples working plots 
are shown herein; figure applies 
the cube-based panels illustrates 
divergent slope trends for the various 
contents. The collection figure 
shows the more prevalent type 
values table similar fashion 
working plots and 
were made for the other particle-shape- 
based panels. these plots 
estimate was made the prevailing 
form the strength-density curve slope 
the 4-percent resin-treatment level. 
each these curves. high 
for indicates rapid gain 
strength with increasing density, 
rupture value zero specific 
establishes the actual position 
slope line. These linear equation 
corresponding the different 
are summarized table 
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Figure working plot 
for cube-shaped particles. 


The computed modulus rupture 
values specific gravity 1.0 are 
listed here that comparison actual 
strengths can made. Strength values 
corresponding other densities may 
readily calculated using these equation 
forms. word caution order; 
these formulae were based 
from limited number test panels 
whose specific gravity range was gener- 
ally between 0.5 and 1.05. Thus 
extrapolations beyond these density lim- 
its attempts make precise compari- 
sons actual values inadvisable. 


The curves figure summarize 
the strength-density relations derived 
from the series working plots. These 
correspond the 4-percent 
treatment level for variety particle 
types. similar array could con- 
structed for those panels bonded with 
percent and percent resin. The main 
effect changing resin content 
displacement the whole group rather 
than rearrangement curve positions. 
Thus further comparative elaboration 
this vein would repetitious. The 
degree slopes, with the exception 
curve shows that the simple, direct 
avenue higher strengths increase 
the molding pressure. For exam- 
ple, the particle shape curve (fig. 
20) developed modulus rupture 
3,500 pounds per square inch 0.50 
specific gravity, while 
density the strength 8,500 pounds 
per square inch—or increase 
nearly 2.5 times due solely the 
increased degree compaction 
higher pressure. 


MODULUS OF RUPTURE (1,000 P 


SPECIFIC GRAVITY 


Figure 22.—Typical working-plot data 


dispersion for panels made from flat flakes 


various thicknesses and resin contents. 


SPECIFIC GRAVITY 


23.—Condensation strength- 
density results for variety particle 
types. 


Spruce, plywood, seven-ply, 0.042- 

inch veneer, cross-banded construc- 

tion. 

Spruce, flat flake; 0.018”, 

percent resin content. 

3-1.5F: Spruce, flat flake; 

0.018”, percent resin content. 

percent resin content. 

Spruce, straight strand; 1.5” 
0.042” percent resin 


content. 

Aspen, coarse-grade excelsior, 
resin content. 

Aspen, coarse fiber (Wisconsin 
Wood Products Co.), percent resin 
content. 


Aspen, fine-grade excelsior, per- 
cent resin content. 


Douglas-fir, cube shaped; 0.070” 
per side, percent resin content. 


217 


410 — 
o 
a 
? 
é 
| / 
400 |\— st 
e 
LEGEND : 
/ 
(5F 30-4 
| | ‘ | 
Os a7 08 a9 10 
12 
ef 


| 
| LEGEND : 
| S 8% RESIN 
4% RESIN 
m4 2 2% RESIN | 
G 
> 
6 
Ss 
3 5 
LEGEND : 
341 INCHES - 4% RESIN 
4541 INCHES 4% RESIN 
© 340.40 INCHES - 4% RESIN 
4 HELIX 
3 
o 0.010 0.020 0.030 40 20 3O 2 4 6 8 
FLAKE THICKNESS STRAND LENGTH RESIN CONTENT 
(INCH) (INCHES) (PERCENT) 


Figure 24.—Curves (above) showing effects strength 0.80 
specific gravity flake thickness, strand lengths, and resin content 


for several wood-particle shapes. 


Following determinations the 
strength-density relationships, the effect 
flake thickness, strand lengths, and 
resin was readily established shown 
the curve assembly figure 24. The 
maximum strength exhibited 
curve for the 3-inch flat flake 0.015- 
0.020-inch thickness, shown the 
top the left frame, infers 
probability 
dimensional-resin-content 
for each particle type. The location 
this maximum range for other particle 
shapes and varying surface textures in- 
duced species, moisture content, and 
cutting process variables, would consti- 
tute significant amplification these 
findings. 

The results from strand-based panels 
show that length critical influence 
below about inch (center frame, figure 
24), but its effect one diminishing 
returns above 1.5-inch length. The 
strand-generation method used here was 
tedious, but enabled critical study 
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some important handling features rele- 
vant the length variable. The 1.5- 
inch strands were easily tumbled, 
sprayed, and formed into mats for 
pressing, whereas the 3-inch length 
intertwined and balled the mixer. 
stationary breaker bar projecting into 
the tumbling drum was necessary 
break the large fiber masses tending 
form during the spray treatment. 
Uniform distribution the long strands 
the mold frame was also trouble- 
some. Although these 
operational properties the particle 
shape, they should not obscure other 
aspects particle’s performance. For 
example, this study bending strength 
was used the sole structural criterion 
particle performance, and 
basis 1.5-inch strand was equal 
3-inch strand. However, scope 
test methods, such edgewise nail 
pullout, elastic modulus, 
ance, screw-retention strength, and 
flexural fatigue quality, would provide 
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Figure graph summarizing springback 
relationship particle shape and resin content. These 
values correspond test-panel specific gravity 0.80. 
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more accurate evaluation 
particle’s total behavior pattern. There 
understandable tendency some- 
times make rather conclusive appraisals 
the basis test methods that, though 
meaningful, show only one facet 
multisided performance picture. Thus 
skeptical outlook making final 
evaluation appropriate this instance, 

The resin-content 
effects are delineated the right frame 
figure 24. The economic importance 
resin demand per unit 
panel strength needs clarification 
those aware the vital role that 
costs play this process. The 
derant influence particle geometry 
strength strikingly demonstrated 
this array; the shape particle 
controlling factor, while resin con 
strength gains with 
content are significantly different for ‘he 
1.5-inch and 3-inch flat flakes. his 
difference, which may techn 
importance, probably reflection 
dissimilar length-width ratios since 
between these particles. 

The extent springback 
thickness governed both resin 
content and the density prior 
soaking. For those particles 
aged fiber structure, particle 
lesser importance than resin 
This observation substantiated the 
results charted figure 25. 
particular interest that those 
containing and percent resin show 
less springback than the 
trol. The flat flakes and coarse excelsior 
derived particles yielded panel-stability 
values essentially equal that ply- 
wood even percent resin content. 
The helix particle was definitely supe- 
rior plywood the 2-percent resin 
level. This was not wholly unexpected; 
the helical ribbon possesses unique 
fiber orientation system that the grain 
direction varies not only the plane 
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Figure 26.—Bar chart showing 
effect particle dimension and 
lineal expansion during cyclic 
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Figure 27.—Chart (right) summarizing effects resin content particle shape 
upon strength, when referred common specific gavity 0.80. 


the sheet but also the thickness 
dimension the This disposition 
fiber directions, within every particle, 
probably accounts for the superior 
thickness stability and would reasonably 
forecast that the mechanical properties 
would more nearly isotropic than 
those from panels based 
whose fibers lie one plane. The 
planer-shavings-based boards, though 
inferior bending strength, perform 
well the springback test. However, 
this biased comparison, since these 
shavings, Douglas-fir, had higher 
initial density than the comparison 
particles spruce and aspen. 


Linear expansion the plane the 
sheet induced changes fiber mois- 
ture content important property 
wood-based panel materials. The 
stability plywood this regard 
well recognized, while the instability 
some other wood-origin sheet products 
often requires careful consideration 
design details limits the fields 
application even though the structural 
requirements are exceeded. The refer- 
ence panel spruce plywood expanded 
about 0.14 percent the plane the 
during exposure cycle from 
cent relative humidity. This result com- 
pares favorably with value 0.15 
the Forest Products Laboratory 


The summary data given the 
bir chart figure shows that not 
particle shape but also dimensional 
within particle class influence 
stability with flake thickness 


JOURNAL 


FPRS 


and strand length noteworthy. The 
overwhelming contribution sound 
fiber structure the particle obvious 
the comparison cube-based panels 
with panels made from the helix ribbon, 
for example. The linear expansion 
traceable the cubic element the 
order times more than that arising 
from particles whose fiber structure 
intact. The contrasting performance 
the straight strands, the excelsior parti- 
cles, and the coarse fiber unusual 
significance. These were all geometric- 
the exceptional behavior the 
excelsior-based panels would probably 
require microscopic examination the 
actual particles used, since conjec- 
tured that fiber damage, not readily 
apparent the unaided eye, the 
cause the inferior performance shown. 
Fiber breakage these particles may 
have occurred the hammer-milling 
preparation step, but the mechanics 
the generation process may more 
likely source fiber damage. 

The final chart, figure 27, summarizes 
influence upon modulus 
These values correspond common 
specific gravity basis 0.80. The su- 
perior particle types yield panels that 
approach plywood strength properties, 
especially the highest resin content 
percent. The 1.5-inch flat flake, 
3-inch helix, and strands above 1.5 inch 
long, though not intrinsically strong 
the 3-inch flat flake, nevertheless 
produce panels with relatively good 
structural properties. fitting 
reiterate that these test data provide only 
partial view the varied mechanical 
properties that can anticipated from 
diversity particle shapes, methods 
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panel tormation, and bonding-resin 
characteristics. The range 
and strength values shown evidence 
that broad survey particle structural 
quality was made. The ultimate poten- 
tial, plywood, was closely approached 
one extreme, while the weakest test 
anel based cubic particle had 
handled with care keep intact 
for test purposes. 


Summary 


Particle shape and dimensional factors 
were correlated with their derived panel 
properties means three test meth- 
ods: (1) Modulus rupture per- 
cent relative humidity, 
change, springback, following two 
cycles watersoaking, ovendrying, and 
(3) linear expansion during cyclic, equi- 
librium exposure percent and 
percent relative humidity. 


The specially made particles, most 
instances characterized minimum 
fiber damage, comprised rectangular 
flat flakes varying from 0.006 inch 
0.030 inch thick, 45° pitch helical rib- 
bons about inch wide inches 
fiber length, and series straight 
strands whose cross sections were the 
same, 0.042 inch 0.018 inch, but 
and inch. shape devoid fiber 
quality the form inch cubic 
particles provided the minimum extreme 
structural performance. addition 
these precisely made particle types, 
fibrous materials derived from 
commercial grades excelsior and 
coarse, mechanically made fiber were 
evaluated. typical mill waste, planer 
shavings from Douglas-fir lumber, was 
included part the comparison. 

Particle generation methods included 
the following: (1) Hammer-milling 
followed rotary-screen classification 
(excelsior fibers and veneer slivers), 
(2) Wiley-mill reduction thin, end- 
grain wafers followed screen frac- 
tionation (cubic particles), and (3) con- 
trolled cutting using rotary cutter- 
head modified milling machine. 
The latter method was not only ver- 
satile particle dimensional control 
and configuration, but also capable 
substantial production rates. Flat flakes, 
varied-pitch helical ribbons, tubular, 
cross-section flakes, and uniform 
strands either straight helix form 
were prepared the course brief 
survey the cutting-process variables. 

From the above array 
forms, few were sclected for inten- 
sive evaluation. These were spray treated 
with water suspension pulverized 
phenolic resin. Treatment levels, based 
the dry weight wood particles, 
were and percent resin. Hot-press 
molding was done pressure levels, 
250, 500, and 1,000 pounds per square 
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Panel: Particle : Thick- :Linear : :Panel:Particle :Resin: Spee :Modulus :Load : Thick- :Linear :Fanel:Particle :Resin: Spe- :Modulue :Load : Thick-: Linear 
No. : 3ymbol seific : of :capace: ness :expane : : Nb. : symbol scone :cific : of scapace: ness :expane : : No. : symbol scone :cific : of :capac- : ness : expan- 

:@rave :rupture : ity : change : sion $ stent :grave :rupture : ity change : sion 3 : stent :grav- :rupture : ity change: eion 
: ree :after 2 :from 304: 4 $ tty : re- :after 2 :from 30%: ity 3: safter 2:from 

“3 rtained: cycles :to 9% : : : rtained: cycles :to 90% itained :cycles :to 904 
:0f soak-:relative: :0f soak-:relative: : of srelati ve 
: ing, shumidity: : ing, :shumidity: 3 3 3 : :humidity 


: P.s 
scent : scent 
1 3F6 : 3F18 2 - SD 256: 3F7 2 : 0.60 
2 : : 65: §,170: 68 65 0.140 257 : 1,180: 67 = 45 =: 0.09% 
3 35 76 6,620 lal TS. 258 : -79 
4 36 75 6,900 : 131 Ft 19 259 : 80 6,810: 60 62 
5 37 90 9,740 : 13 260 : 93 8,140: ne 
6 38 86: 10,290: 92 261 : 7,76 : 100 70 
: A 88 9,280 : 117 : 
7 : 236 8 : : : : : : : : : 262: 
8 : : #3718 : & : §,200: 2 263: : 53: 1,690: 76 7 
bo: 65 5,940 : 105: 56 115 264 4,330 : 102 52 
10 : 41 78 9,920: 101: ST M52  & 
8 9,740 : 66 156 266 : 337 si... 
12 : 43 89 : 11,380: 136: 267 : 9,390: 113 50 
88 10,190 : 153: 104 3 
13: 3F6 2 : : 68 8 -63: b,oko: 9h 
ib : us Fis 8 71 9,020: 113: : -56: 4,270: 68 
: 46 80 9220: 4s 154 270 : 6,530: 106 
15: 2 47 83: 10,880; 110: 46 21: 70: 7,100: 686 
16: ue 78 8,900: 129: 41 14 are 82 7,880: 12 : 4g 
17: 49 86 9,560 : 133: 273 719 8,990: ll 30 
18: 5 89: 12,760: 99 4s 170 3 : : 
19: : : : : : : : : : Pl :Seveneply Sitka: .60: 7,640: 115 : 4&2 
: : & : .73 : 6,890: : P2 :epruce plywood : .85: 11,560: 133 : 82 
: 4 252 : 276: 4,930: 197: 70 : : : :0.042-inch : .98: 12,970: 126 87 
a: $3 : : .763 6,910: 152: : sveneer, film : 1.04 : 14,380 : 102 4g 
: : 9,720: 69 : : : PS s@lue : 1.22: 17,340: 88 ll 
23: 3 92 : 11,160 : 130 Fi 1.21 16,410 : 90 15 
ra : : 56 89: 8,610: 136 72 275 
: us 3F30 8 7,530: 118 
6 : wm : 8 278 ST: 5,360: 71 30 
a: 279 78 5,310: 181 5 
119 88: 9,440: 129 4g 
a: 281 76 3,260 18h 
3 :112 : 3F30 : 2 2 S800: 65: 
t 113: : : .58: 4,410: 66: 42 230 
114 83: 7,350: 161 
115 87 9,630 : 118 82 258 
117 89 : 7,940 113 285 


Panel: Particle :Resin: Spe- :Modulus 
Bo. : symbol :con- :cific : of 


:Modulus : Thick- Linear :Penel: Particle im: Spe- :Modulus :Load  :Thick- : Linear 


:capac-: ness :expan- : : No. : symbol :con- :cific : of :capac- :ness expen- 
stent :grav- :rupture : :rupture : ity change :sion 3 :grav- :rupture : ity :change 
3 : ity : : : re- :after 2 :from 30%: : : ity’ : : :efter 2:from 3 
3 3 :0f soak-:relative: 3 : Of relative 
ing, :humidity: $ : eoak- :humidity 
t : drying au: 3 : ing, L 
Per- P.s.i. :Per- :Percent :Percent : :Per- : : P.8.i. :Percent:Percent: Percent 
cent scent : : cent : 3 : : 
268 : 1.5F18 2 : 0.83 720 2,710: 69: 2:18: =: & : 0.65: 1,90: 7%: 63 
29: 42 700 980: 30: 57 : 0.208 : : lg: : : .61: 1,20: 76 : 75 : 0.116 
20: -66 : 3,320 5,420 fis 53 120 3,200: 101 
a1: 62: 3, 2, 95: 55 178 1a 3,580: OTT 
22 : -75 : 3,810 7,960 122 : 5,010: 91 
70 : : : &,550: 61 : =: : : 276: 1,930: & 20 178 : 125 63: 3,030: 100 : Obl 
72: 61 6,910 : 121 62 : .170 : 184 7,930 : 104: 36 082 : 127 4,420 : 100 36: 055 
73: : s 6 : 27: 92 7,16 : 100: 18 : 1.00 6,530: 8h 
76 : : .69: 6,780: 88 35 116 : 187: 5,420: 33 : .132 
Tl: : : 66: 8, : 43 : 188: 92: 9,300: 107: a: «.118 
19: : : 91: 9,570: lb : 33 
80 : : 11,0800: 96 55 
67: 1.5730 : 2: .53: 2,110: 6b 62 : 190: x 90 :Panels disinte-:........: : 2h: 0.68 : 2: 1,010: : 1399 : 
8B: 3 : 53: 1,960: 62 65 : gl: : : 48: 60 :grated on soak-: 2.74 : : 295: : 2,410: 866 : 57 : .062 
89: : &,290: 122 192: : : 180 :dry cycle test :........ : : 26: : : 62: 2,900: U7 103: 
gO: 3 &,630: 142 : 8h 2 193 : 200 : used to : 2.868 : 3 
gl: : .88: 6,680: 105 : 86 : 19%: : 180 :determine these:...... oot : 130: 0.88 : & : .62: 2,820: 685 : 67 
92: : .80: &,700: 108 : 680 : 195: : 87 : 18: values : ijl: : 6%: 3,00: & 
: : : Fy : : : : 132: 4,880: 98 : 70 
61: 1.5730 : & : .75: 5,200:138 : 67 : 196: : & : 130: : 133: : 4,080: 102 : 
62: : -69: 6,380: bh : 47 : 197: : 180: 22.58 : 13h: : .96: 7,50: 9 : 58 
83: : : 63: 6,760:108 : 67 : 198: : : 200 2: 135: : 5,790: 126 : Se 
85: : : .92: 8,580: 139 : : : 136 0.88 : 8 -61: 3,470: : 39 
86 : : : 7,390: 8 : : @l: : 20: 2.62 : : : 4,610: lo : 
22:1. : 6 : 2,570: 8 : 17 2:22: : 8 : : : 139: : : 7, : : 
23: : 3,000: : 16 > 203: : 310 : : 21.03: 6,810: 90 30 
28h: : 3,050: 115 : 52 : 20k: 800 : $1.01: 7, $2 
25: : .70: 5,200: 117 : 52 25: : 60: 
26 : 5,770 : Sh : 206: : 720: 
27: : 8B: : 58 2 207: : : 630 : 


inch; resultant panel gravities data are analyzed permit comparison els nearly equal plywood; modulus 
were from about 0.50 1.05. common density basis, the relative values about 10,000 

Within the same particle class behavior unlike particles clarified; square inch were obtained with 
found that panel density has direct configuration and its resin content, while decline 
and large effect upon physical proper- dominant control over both struc- 8,000 pounds per square inch 
ties. Density primary and dimensional-stability qualities. when the resin was reduced 
resin content secondary controlling the reference specific gravity 0.80, helical ribbon and 
actual strength properties. When the undamaged, long flat flake gave strand, whose panels were 
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Table ©.--Summary of results of teste of resin-bonded wood-particle panels 


of results of tests of resin-bonded wood- 


Resin: Spe- :Modulue :Load : Thick- :Linear : :Panel:Particle :Resin: Spe- :Modulus :Load : Thick- :Linear : :Panel:Particle :Resin: Spe- :Modulus :Load :Thick- :Linear 
reone :cific : of :capace: ness :expan- : : No. : symbol :cific : of :capac-: ness texpan- : : No. : symbol :cific : of rcapac- :nese 
:grav- :rupture : ity : change :sion 3 3 :tent :grav- :rupture : ity : change :eion 3 :grav- :rupture : ity :change :sion 
ity : ree :after 2 :from 30%: $ ity re- :after 2 :from 30%: 3s ity : : re- :after 2:fran 30% 
rtained: cycles :to.90% : stained: cycles :to 90% 3 rtained :cycles :to 90% 
:of soak-:relative: 3 3 tof soak-:relative: 3 3 : of :relative 
shumidity: : ing, humidity: 3 3 3 : soak- :humidity 
4l : 3 : drying: AL : 3 : ing, : AL 
2 
Percent 


t WD at : 6: 38 & 0.55: 1,930: = : 208: +1/8: 2:0 


3 1,900: 8 TE 
: -54 : 1,880: 65 : 98 +: 0.08 : : 66: 0.0b2 x : .56: 1,780: : 46 0.038 : : 209: inch : : 1,300: 78 : & 0.266 
: -TT ER: : 65: 0.030 : 4,560: 118 : 20: mesh : Be: &,7hO: 86 
: 3,620: 106 : 92 : : 66: : &,590: : : 5, 96 
: : 67: : : .91: 6,790 : a2: s G22 Gh GE 
: 6,270: 1088 : 76 : .162 : >: @: : : a3: : 96: 5, 88 86 268 
: & 6.080 : : & : .62: 2,610: | : 2h: xc : 3,760: 86 :....... ee 
: 6,800 89 266: : 4,680: 78 46 134 216: mesh : 293: 4,610: 120 
: -76: &,300: 133 : 55 .O76 : : 267: : -168 217: : : .89: 4&,&50 +266 
: : 268: : 21.00: 7,6h0: 93: : 2g: : .96: 6,610 107 
6,970:117 : 35 =: .099 : 249: 33.0: 7,30: BR: : a9: 2:12.02: 7,780: 15 : 53 302 
: 8 : .66: 4,060: 118 : 3h : .066 : : 250: WF : 8 : .70: 3,680: 92: a : 220: mC +1/8-: 8 : .68: 3,840 88 26 
: $ : : : : 251: : 4,020: 91: 18 : .098 221: inch : .58: 2,470 83: «16 
: : 2 252: 7,000: 95: 222: mesh : GR ME aa 
: 253: 89: 7,980: 223 : >: &,b60: : 33 252 
: 2 : 1,330: : : 94: ms : 2 : .57: 2,770: 41 : : 2206: +1/8-: 2: .57: 870 Ds 
: 1,540: 79 : 1400: TT: 43 222%: inch : 56: 1,380: 50 : U9 
: eT: 2,530: 65 : 96: : : 80: 4,930: 79: 70 : 2208: mesh : -TT : 2,390: 73 
: 2 5,320: 60 : 81: 4,900: 82: 65 2 229: : : 3,000: : : 
: : .86: 4,200: 90 98 : : 7,00: 97: 3 2 230: : : 3,30: 82 
: : 5,050: 78 : 9 : : .98: 8,950: 85: 73 : : : 4,490 : 101 156 
: .51: 2,200: 92 : : 100 : : & : .Tl: 4,590: 116: : 232: +1/6-: » : .€ 1,680: 
: .72: 3,880: 102 86: 6,870: 101: : 234: mesh : 4,220: 85 eee 
: 5,230: 86 48 : 103 : .86 117: 51 172 235 : 862: 4,300; 86 57 
: 5,820: 7950 : 132: 4g 237 : 295 4,570 138 82 
8 59: 3, : 106: 3m18 : 8 : .55: 
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Table 2.--Summary of results of tests of resin-bonded wood-particle panels (continued) 


7 


Panel:Particle :Resin: Spe- :Modulus :Load : Thick- :Linear : :Panel:Particle :Resin: Spe- :Modulus :Louad : Thicke :Linear 
No. : symbol scone scific : of rcapace: ness :expan=- : : No. : symbol scone :cific : of :capace: ness :expan- 
stent :grav- :rupture : ity : change :sion $ :grave :rupture ity change :sion 
3 : :after 2 :from 30%: : : ity : re- :after 2 :from 30% 
:tained: cycles :to 90% : $ stained: cycles :to 90% 
3 : drying: AL : : : : drying: AL 
:Per- : : P.s.i. :Per- :Percent :Percent : :Pere : : P.s.i. :Per= :Percent :Percent 
q scent scent : scent : : scent : 


300 :Dry planer: 
301 : shavings : 
302 :over 
303 :inch-mesh : 
304 rotary, 


@ 
@ 


70 
82 
61 


«Mot: 
50 : deter- 
mined in 


: 325: planer : Shs 550: 65: 42 :determined 
: : shavings : : e763: 1,870: 5h: 45 

54 this : 327 :over 1/8- : 93: 51 

55 : series : 328 :inch-mesh : 52 

: : 309: rotary : : 2,320 89: 52 


: screen 


w 


305 : screen= 


foal 

w 


. 


ee 


3 30 
ko 
: 
$ 30 : 
6l: R 3 


p<) 
w 
oo 
w 


a 
a 
Ww 
an 
w 
w 
a 
a 


312 :Dry planer 
: shavings 
through 
1/8-inch- 
mesh 


: rotary 
screen 


Not 
deter- : : 37 planer determined 2 
mined : : 338: shavings : 


: through 


4B: 


Green 


: : 1/8-inch-: : .90: 1,930 

¥,480: 42 : 6 : : : 341: mesh : 71.02: 3,250: 

: : 342: screer-: 8 : .60 


w 
eal 


w 


-80 : 1,520 : 
: .95 : 2,650: 86 


@ 


“Raw material supplied by Weyerhaeuser Timber Co. 
Species: Coast-type Douglas-fir. 


2 
“These data on panel Nos. 300 to 347 extracted from previous unpublished report; resin-bonded hardboard and core stock frap 
Douglas-fir planer waste. 
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Table 2.--Sumery ticle panels (continued) 
— 
3 3 3 3 3 3 3 3 3 3 3 3 3 $ 3 3 3 3 3 3 : 
panel: Parti< 
: sya 
recent : : scent : 3 rcent : scent : 3 recent : 3 : : : 
172: 1.5 
Bor 
Bk 
1%: 
4 : 
w2: 1.5 
ka: 
BE 
6: 
150: 
152: 
155: 
156: 
158 
199: 
9: 
@: 
62: 
Bus : : .98: 
-65 : 1,300: 
: e703: 1,580: 
7 
1 


Table rupture-specific gravity relation constants 
for selected experimental particle boards 


Particle Dimensions 
classification 
Inch 


3 
0.942 veneer 


Approximate 
per side 
Excelsior Coarse grade 
Fine grade 


Thin strands 


Cubic 


Fiber Coarse 


Planer shavings: Dry: 


over 


mesh 
Douglas-fir Green: over 1/8 
inch mesh 


Resin Slope 


srupture 
31.90 specific 
sgravity 


14,900 3 -1, 300 13,600 
2,790 


the flat-flake panels bending 
strength, yielded definitely superior di- 
mensional-stability properties. Those par- 
ticles that showed evidence fiber dam- 
age were seriously lacking fiber 
quality displayed comparatively high 
linear expansion. The importance 
fiber structural integrity underlined 
the exceedingly poor behavior, this 
respect, the cube-based material, 
whose expansion was times 
more than that panels made from 
particles having sound fibers. 


The resin content governing fac- 
tor, within given particle class the 
springback behavior. Since this test em- 
ploys fixed exposure cycles—16-hour 
water immersion and 8-hour 
than equilibrium conditions, 
the effect may actually one rate 
retardation rather than indication 
long-run performance under severe ex- 
posure. The necessity for qualified in- 
terpretation test data emphasized 
this example. 

These findings, though comprehensive 
some aspects, should viewed 
mainly introduction the pano- 
rama the field that can visualized. 
The range particle types and their 
dimensional variation has been only 
briefly surveyed this work. The lim- 
ited scope test methods necessarily 
used herein served convenient pre- 
liminary evaluation, Such properties 
machinability, screw retention, tough- 
ness, stiffness, paintability, and esthetic 
features were perforce ignored this 
research, yet these qualities are often 
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slope curve: p.s.i. 
specific gravity 
constant: p.s.i. 


outstanding importance 
end uses. Thus appears that there 
ample opportunity for development 
numerous special-purpose particles for 
variety panel applications and molded 
structural products. vigorous indus- 
trial expansion the bonded-particle- 
board field can foreseen our 
knowledge basic relationships grows. 
The fruits this understanding will 
manifest new and abundant mate- 
rials from what now largely wasted 
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Discussion 


Geo. Marra (Washington State 
Institute Technology): The research 
reported this paper type 
sorely needed the move- 
ment. Although the dry processes are 
application the utilization various 
forms wood residues, they have not 
enjoyed the same rapid progress which 
has characterized the growth the wet 
process hardboard industry. One the 
reasons for this situation 
knowledge comparable that support- 
ing the wet fiber processes. 
every question which has arisen con- 
nection with dry processes has 
tated laboratory experimentation 
enable process development procec 
There has been large volume 
able data available which 
“educated guesses” which permit 
faster screening ideas and faster 
ploitation sound leads, Against 
background literature presently 
able this general subject, 
work stands out model 
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thoroughness, ingenuity, and clearness 
interpretation data. will have 
unassessable snow-ball effect ad- 
future research and progress 
this field. 

with most research, this work de- 
veloped some unanswered questions. 
Mr. Turner sought avoid 
culation setting forth reasons for 
some the interesting effects observed 
his experiments, such speculation 
level scientific inquiry may 
orienting the thinking 
who may concerned with the 
problems. The following com- 
are largely the nature spec- 
ulation and hoped that they will 
incite more the same. 

results obtained with large 
tangular flat particles are particularly 
intriguing. Because special methods 
preparation, these particles have high 
smoother and less damaged surfaces 
which permit better bonding action 
lower pressures. Mr. Turner has 
demonstrated, this type particle per- 
mits the manufacture high strength 
boards medium densities and mini- 
mum resin content. 

the three dimensions defining the 
size these particles—length, thick- 
ness and width—the role length 
appears the most readily deduced. 
Length particle determines the num- 
ber contacts which each particle will 
have with other particles and thus con- 
trols the degree which the inherent 
strength the individual particles 
transferred the board whole. 
Optimum length related balance 
particle strength and contact area 
necessary transfer this strength the 
adjacent particles. Excess length, Mr. 
Turner found, contributes the prob- 
lems board formation, although the 
latter problems may well begin before 
the optimum length for strength 
reached. Mr. Turner’s conclusion that 
the optimum length may lie between 
1.5 inches and 3.0 inches reasonable, 
but ease board formation with me- 
chanical equipment the present state 
development may reduce the toler- 
able length below 1.5 inches. 

The role flake thickness seems 
many-sided. associated with 
such factors surface quality generated 
during particle formation, surface area- 
volume relationships, particle pliability, 
faces, final board densities, and voids 
throughout the board and the sur- 
face. Thickness the most potent 
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the dimensions its effect the sur- 
face area per unit volume the 
particles. Doubling the thickness 
particles, for example, results ap- 
proximately percent reduction 
surface area per unit volume (or unit 
weight) particles with correspond- 
ing increase resin concentration 
the surfaces when resin content com- 
puted weight basis. Doubling the 
thickness, course, also doubles the 
unfruitful edge and end surfaces which 
tends subtract from the total resin 
efficiency. the whole, would 
appear that thicknesses beyond un- 
defined minimum tend compound 
negative factors faster than the favor- 
able factors strength and resin 
ciency are the prime considerations. 
requirements for low density over-ride 
other properties, greater 
nesses are helpful. 


maximum strengths appear have 
while mils and mils the boards 
reflected decreased strengths. The 30- 
mil flakes probably revealed the effects 
the array negative factors over- 
balancing the apparent gain resin 
concentration. The 9-mil flakes, the 
other hand, may have suffered less 
from the negative factors, but also had 
the least advantage from resin concen- 
particular interest the fact 
that the 9-mil flakes were most sensitive 
resin levels which indicates that these 
flakes provide more fruitful contact 
areas for the resin perform its func- 
tion. The 9-mil flakes also appear 
display better dimensional stability 
which probably due part the 
greater randomness permitted the 
larger number particles making 
the thickness the board. 


The last dimension considered 
width particles. Increases the 
width dimension the particle lowers 
the ratio surface area volume, 
although not rapidly varying the 
thickness dimension and more than 
varying the length dimension. Increas- 
ing the width the manner vencer 
infinite width, assuming constant 
length and thickness, would generate 
minimum surface area-volume 
Starting with particle having width 
equal thickness, can shown 
mathematically that percent all 
area-volume infinite width ob- 
tained when the width equals twice the 
thickness. Ninety percent this ad- 


vantage obtained when the width 
equals ten times the thickness. Hence, 
would appear that from the stand- 
point resin efficiency, about 
the limit width. Aside 
effect width resin efficiency, the 
width-strength factor complex rela- 
tionship which merits further study. 
possible that width particles per 
very little effect board 
strength. This reasoning based 
two assumptions: The total tensile 
strength individual particles parallel 
the grain varies with width direct 
proportion the flat surface area 
which primarily responsible for trans- 
ferring this strength the board, 
consider the analogous relationship 
members plywood tensile speci- 
men); and the tensile strength 
individual particles perpendicular the 
grain does not vary with width. Particle 
may desirable primarily for decora- 
tive aspects possible greater ease 
handling and board forming, the latter 
because the fact that there likely 
less intertwining and “balling 
Principal disadvantages excess 
width are the tendency the particles 
fracture along the grain during nec- 
essary handling, thus 
rower particles, and the tendency for 
particles shield each other during 
resin application. 

Mr. Turner did not use width 
variable his flake series, 
standard width 0.95 in. was beyond 
for all thicknesses. 

factor has number facets all 
which relate board performance per 
unit resin content, such as: resin 
concentration per unit surface area 
particles, resin wastage end and 
edge surfaces particles, actual 
contact area available with adequate 
pressure for the resin consumate its 
function developing firm bond be- 
tween particles, quality particle 
surface for resin perform adhesive 
function. 

Mr. Turner points out, the host 
variables involved particle board 
manufacture and their effect the 
many pertinent physical properties have 
been investigated only briefly 
search date. Truly, much opportunity 
exists for productive research effort 
this field and for ingenious application 
basic knowledge rapidly labo- 
can make available. 
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The Manufacture General-Purpose and 


Decorative Pressed Wood Boards 


Dry Process 


ARTHUR MOTTET 


Research Director, The Long—Bell Lumber Company, Longview, Washington 


Factors leading decision favor manufacture pressed 
wood boards dry process western sawmilling and wood- 
working operation are discussed. The general outlines the process 
developed fit the Company’s particular needs and conditions are 
given well description the versatile line new board 


products manufactured. 


Introduction 


BASICALLY most significant and 

far-reaching development 
wood utilization industries today from 
the standpoint annual tonnage and 
value product likely produced 
the foreseeable future the wide- 
spread trend toward conversion 
waste wood into pressed-wood-board 
products. The main causes responsible 
are: (1) the large and unavoidable 
waste factor, the order one-half 
the raw material volume, the con- 
version logs into lumber and ply- 
wood; (2) the rapidly growing na- 
tional and world need for board prod- 
ucts for building construction and for 
host manufactured articles. the 
latter connection, the need rapidly 
overtaking and promises outstrip the 
capacity the forests supply board 
material the form lumber, ply- 
wood, and paperboard products. The 
demand, and the resultant increasing 
price, value, timber, constitute 
strong force the direction con- 
verting the waste poorly utilized 
half the log into valuable board 
products. These forces are course 
operative the various sawmills, ply- 
wood plants, and factories the 
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Lumber Company, and the 
present paper can taken brief 
case history one company’s response 
the This involved the de- 
velopment dry process, and the 
purpose here explain broad 
way the factors leading its choice 
and development and the general na- 
ture the process, and describe 
some the products. 


Factors Choice Manufacturing 
Method 


The particular complex needs 
conditions existing for 
summarized follows: The Com- 
pany has several widely different 
ufacturing operations producing 
materials conceivably suitable for 
manufacture. 
Longview, Washington, one 
country’s largest sawmilling 
ing mill operations including 
producing softwood furniture and pre- 
fabricated cabinetwork; the 
Coast, two sawmilling and 
mill operations and plywood plant; 
west central Oregon, two smaller fir 


Sawmill Trims 


Planing Mill Trims 


Crosscut 
Fiberizer 


Fiber Dryer 


Fiber 


Classifie 


boards) 


Flake 
Cutter 


Additives Additives 
Gravimetric Volumetric 
Feeder Feeder 
Metering Metering 
Pumps Pumps 
Overlay Mixer 
Overlay Core Overlay 
Distributor Distributor Distributor 
Head Head Head 


Humidifier 


Board Sizer 


Glue Spreader: 


Storage, Packaging, Shipping 


Figure 1.—Flow chart Long—Bell Lumber Company pressed-wood board plant. 
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Scoring Teeth 


Weed Glock 

Gran disposed 
parallel to 
cutterknife edge) 


Cotterkrite 


Figure 2.—Basic cutting arrangements for 
producing Long—Bell crosscut fiber and cross- 
cut wood flakes. (Patents pending) 


sawmilling mill opera- 
tions; and northern California, 
large ponderosa pine operation includ- 
ing sawmill, planing mill, plywood 
plant, sash-and-door plant, 
factory. each these locations, 
manufacturing left-overs both the 
form solid wood and comminuted 
forms such planer shavings and 
sawdust are produced sufficient daily 
tonnage conceivably support board 
plant. Efficiency raw material utiliza- 
tion these plants good not 
substantially better than the average 
for the industry. large part the 
potential pressed boatd raw material 
present utilized fuel, which 
course represents extremely low values 
compared with the other products 
derived from the log. These operations 
vary widely the amount and kind 
potential raw material, fuel and 
power situation, water supply, stream 
pollution hazard, etc. 

the sales side the picture, the 
Company operates numerous and 
widely distributed retail lumber yards 
and maintains large selling organiza- 
tion for lumber, plywood, and factory 
products, which available for the 


distribution and sales pressed wood 
boards. 


The basic decision was reached 
that the Longview operations should 
the location for the first venture into 
the field pressed board manufacture. 
The factors favoring this location 
well disadvantages are follows: 


(1) The desire the 
management gain further increase 
the efficiency wood utilization 
these operations, increase which 
would constitute basic advantage 
maintaining continuous large timber 
supply required here help assure 
stability the operations and the 
Company-founded city Longview; 
(2) favorable and easily accessible 
power and steam supply; (3) large 
mixed-car business with company and 
non-company retail yards originating 
from the department Long- 
view; (4) The factory 
manufacturing kitchen cabinets, chests, 
and other fabricated wood 
which could counted advan- 
tageously consume substantial part 
board plant output; (5) large 
supply variety potentially suit- 
able raw materials, available amounts 
running hundreds tons per day; 
(6) long-term commitment (on the 
debit side the raw materials ac- 
count) supply pulp chips, which 
makes unavailable the best chippable 
material this operation, and which 
eliminates wet-processes 
eration; (7) research finding which 
made possible manufacture fiber 
suitable for dry-process pressed boards 
from alternative materials available 
the operation, such 


The last-mentioned factor also made 
possible the main approach 
whole project, which was develop 
process which could used manu- 
facture versatile line boards 
various thicknesses from 1/16-inch 
and with wide range 
decorative appearance technical 
properties. connection with the 
decorative boards, the aim was retain 
much possible the color, appear- 
ance, and decorative values natural 
wood. This contrast with the con- 
ventional hardboards, which lose their 
wood appearance and 
resemble the paperboards. was felt 


Figure crosscut fiber (left) and crosscut flakes. 
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that class boards with 
tive composite appearance and prop- 
erties could easily find least modest 
market niche its own. 


Description Manufacturing 
Method 


The general outline the manufac- 
turing steps shown the flow chart, 
Fig. 

might expected, the manufac- 
turing details have points similarity 
with well differences from the 
other dry processes for fibrous-particle 
and granular-particle boards present 
disclosed the rapidly developing 
technology pressed-wood board man- 
ufacture. The most significant differ- 
ence found the method fiber 
production. The method new the 
field pressed wood board manufac- 
ture, and both method and board prod- 
uct are the subjects pending patents. 

Fiber for the fibrous-particle boards 
present mainly prepared either 
attrition milling explosion fibra- 
tion. The furnish for granular-particle 
boards, some which are designated 
sources and methods preparation, 
hammermilling probably being the 
most common method reducing par- 
ticle size. The raw material the latter 
connection usually wood already 
more less comminuted form, such 
planer shavings and sawdust. The 
furnish for the board, 
termed crosscut fiber 
flakes, prepared cutting process 
which cutter knife traverses the 
wood direction perpendicular 
the grain with the knife-edge alined 
parallel the grain and with means 
provided for cutting fiber flakes 
predetermined length thickness. 
Fig. illustrates diagrammatically the 
basic fiberizing apparatus. Cutting con- 
ditions are subject considerable 
degree control produce fiber 
flakes wide range thickness and 
length. Examples crosscut fiber and 
flake material are shown Fig. 

The advantages this material are 
found be: 

(1) large proportion the ulti- 
mate strength wood retained be- 
cause damage the botanical wood 
fiber minimized the cutting action. 
This turn minimizes the amount 
resin binder required produce board 
desirable mechanical properties. For 
example, flexural bending strengths 
excess 9,000 p.s.i. are possible with 
phenolic resin binder content per- 
cent less for boards with specific 
gravities the range 0.95 1.0. 
(2) Energy requirement per ton 
material low, being the order 
fifty horsepower-hours per ton. (3) 
Wood not usually considered suitable 
for fiber production, like end trims 
from kiln-dried lumber, can 
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lized. (4) Pressed-wood boards can 
produced which retain natural wood 
appearance and which more nearly par- 
take the appearance 
plywood and lumber than fiber- 
board and paperboard. 

The other important unit operations 
the process, namely, fiber drying, 
fiber classifying, fiber metering, fiber- 
resin mixing, mat-forming, 
are influenced varying de- 
grees the nature the fiber. 
particular, was found necessary 
develop entirely new special 
equipment accomplish the classify- 
ing, metering, mixing, 
forming steps. Considerable variation 
the bulk density the fiber because 
raw materials variation and certain 
cutting variables posed special 
culties the metering, mixing, and 
mat-forming operations which required 
great deal developmental time 
and expense for their solution. 


Description Products 


common with the other pressed 
wood manufacturing processes, press- 
ing conditions the Long—Bell process 
can varied within wide limits 
afford wide variety board densities 
with resultant wide range bending 
strength, hardness, and other mechani- 
cal properties. The kind and amount 
resin and other additives incorporated 
into the product with simple mixing 
operation can used extensively 
influence the physical properties the 
board. Decorative appearance values 
are also determined these variables 
well the wood species and 
fiber- flake-cutting conditions. 


General-Purpose Plain Boards: 
Plain, smooth-two-side, general-purpose 
boards, with thicknesses the range 
with the following approximate range 
specifications: 

Flexural modulus elasticity 
Toughness (work to maximum load) 


Water absorption, percent 
Linear expansion, percent _ 


The foregoing figures are obtained 
test methods specified Ameri- 
can Society for Testing Materials, 
Tentative Methods Test for Evaluat- 
ing the Properties Building Boards, 
A.S.T.M. Designation: 
When comparisons with fibrous-particle 
boards produced other processes 
are made the basis equal den- 
sities, those crosscut fiber pressed wood 
boards that have far been found 
commercially feasible appear general 
have comparable bending strength 
and water absorption values, somewhat 
higher thickness swelling, very high 
stiffness associated with compara- 
tively low toughness rating, 
ably the lowest linear expansion any 
hard-pressed fiberboard. Edge work- 
ability found extremely good. 
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Figure core board overlaid with 


veneer (left) and plain board. The core board has specific gravity 0.6 «nd 
flexural modulus rupture 2,500 p.s.i.; the plain board has specific gravity 
0.95 and flexural modulus rupture 5,000 p.s.i. 


items equivalent the tempered 
treated types boards have advanced 
beyond the laboratory stage yet. 


Thick Core Boards: Thick boards 
thickness and specific gravities 0.6 
0.8 have also been developed from 
crosscut fiber furnish and found 
possess properties well suited this 
field application. 


Decorative Boards: Two types 
crosscut fiber boards which the ap- 
pearance decorative factor the 
consideration have been 
the market. One involves decora- 
tive overlay randomly disposed 
wood flakes and the other overlay 
thin wood veneers. Both are made 


...-4,000 p.s.i. to 9,500 p.s.i. 
_...700,000 p.s.i. (at 1.0 sp. gr.) 
2.5 to 3.0 In.—lbs. per cu. in. 


medium densities (0.90 
predominantly for wall pancl- 
ling and related applications where 
inherent decorative values the 
and grain various wood species 
desired. The surface appearance the 
veneered boards the same that 
plywood. For wall panelling type 
application, the veneer applied 
one side only. The surface veneered 
hardboard exhibits much greater dent 
resistance than the veneered ply- 
woods. 


The flake overlaid boards are 
tially new board product which 
the overlay wood flakes effect 
layer randomly disposed 
wood veneers. The flakewood boards 
can made with one both faces 
applications only one face need per- 
form the decorative function, 
manufacture confined boards hav- 
ing the flake lamina one side only. 


specific gravity 0.9, flexural modulus rupture 4,500 
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=f 
Figure 5.—One-fourth-inch red cedar flake (left) and Douglas fir flake overlaid 


The flake boards possess one especially 
interesting appearance property. The 
apparent quantity light reflected 
wood surface varies consid- 
according whether the line 
more less parallel the 
grain perpendicular it. This 
wood species, for example, pon- 
pine. Because the flakes are 
disposed all directions, 
the flakes stand out brightly 
change the angle view changes, 
effect the board. 


The photographs Figs. and 
show samples the various fore- 
products and give some 


Figure 6.—One-fourth-inch Philippine-mahogany veneered (right) and western-hemlock- 
veneered boards; specific gravity 0.9, flexural modulus rupture across face veneer grain 


4,500 p.s.i. 


The Manufacture Molded Articles From Resin 


discussion molding articles from granulated wood com- 
bined with resin binders and evaluation the effects vari- 
ables; such as, pressure, resin content, and wood species the 


density, water absorption, and breaking strengths the molded 
pieces. 


Introduction 


effort conserve one our great- 
est natural resources, wood, new timber 
growth still lags behind its useful con- 
and wanton destruction. One 
needs only recall the continuing high 
rate new building construction and 
the recent forest fire California 
fully appreciate this condition. 
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outgrowth the desire for 
more complete wood utilization, new 
industry has come into being; namely, 
the manufacture useful, saleable arti- 
cles molded from combination syn- 
thetic resin binders 
wood. Although the origin the new 
industry only few short years the 
past, its growth has been rapid with 
much promise for the future. 
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The advantages molding articles 
from granulated wood combined with 
resin binder vary according the 
amount required machining and other 
finishing work eliminated and the 
rate production required manufac- 
ture the molded pieces compared 
other methods manufacture. The ad- 
vantages also vary according the cost 
and availability other raw materials, 
such as, natural wood, when compared 
with the cost and availability the 
granulated wood and its resin binder. 
addition, the current trend toward 
state laws requiring complete utilization 
cut timber and the granulated wood 
molding process offers another method 
complying with such requirements. 


Some the articles 
molded are: salad bowls, croquet balls, 
bowling balls, shuffle board lazy 
susans, hamper tops, toilet seats and 
covers, chair bottoms, chair backs, bases 
for electric fans, toys, and heels for 
women’s shoes, Perhaps these articles 
will suggest other molding applications. 


The raw materials 
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used molding articles 
bonded granulated wood are follows: 


Basic Material 


Wood the basic material used 
produce molded articles the granu- 
lated-wood molding process. consti- 
tutes approximately per cent 
the weight molded article. The 
appeal granulated wood the main 
component for molding operations 
found its abundance and low cost. 


The species combination spe- 
cies of. granulated wood which can 
used not limiting factor. Today, 
gum, poplar, eastern white south- 
ern yellow pine, birch, and maple are 
widely used either separately com- 
The choice wood used 
based its availability, cost, 
desired the molded parts, and freight 
charges. 

The particle shape and size the 
granulated wood largely dependent 
upon the type product molded. 
Fine, uniform particle-sized, 40- 100- 
mesh wood will give smooth, hard sur- 
faces especially suited for painting and 
operations. Coarser 
wood particles 40-mesh, are used 
where the detail and finish the 
molded articles are not prime 
importance. 

Once the species and particle size 
the granulated wood have been selected, 
the combination should maintained. 
changes are made, then necessary ad- 
justments must made compensate 
for any differences moldability and 
the end properties the molded 
articles. 

Where sufficient wood scrap; such 
veneer lathe trim, sawdust, chips, etc., 
are nearby the molder may process his 
own granulated wood grinding 
hogs attrition mills, screening, and 
drying. some localities granulated 
wood already processed may 
chased from numerous suppliers. 


Resins 


resin binders are used 
bond the individual wood particles to- 
gether with the aid heat and pressure, 
flowing the resin and then fusing the 
mass into series wood particles and 
resin links compression mold. 

The resin binders must capable 
furnishing maximum specific strength 
characteristics, rapid cure, good mold re- 
lease and, some instances, chemical 
and water resistance the molded 
articles. 

This article deals with 
produced standard compression type 
molds. The granulated wood and resin 
binder are compressed contained 
mold. The escape volatiles therefore, 
very slow—requiring that the moisture 
content the wood and resin blend 
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maintained low level. For this rea- 
son, the binders used are mainly 
powdered resins. 

The powdered resin binders used are 
classified follows: 

The phenol-formaldehyde type 
resins are most commonly used because 
they have exceptionally good thermal 
flow properties and fast cure, and will 
produce low cost molded articles 
having excellent physical strength prop- 
erties and water resistance. 

The urea-formaldehyde type resins 
are used when the requirements for the 
properties the molded articles are not 
too severe, especially with reference 
water resistance and durability. The urea 
resins are lower cost and will cure 
lower temperatures than the phenolic 
resins. 

The melamine-formaldehyde type 
resins offer exceptional resistance 
light, will produce lighter colored mold- 
ings, and will produce moldings with 
physical properties equal the phenolic 
resins. Certain melamine resins have 
high buffing characteristic which permits 
scratches and gouges removed 
from the molded articles with ordinary 
polishing and buffing equipment. Color- 
ants are sometimes blended with granu- 
lated wood and melamine resins pro- 
duce colored moldings which not 
require painting. The resistance ultra- 
violet fading the melamine resins 
makes them ideal for this purpose. 


Bulk Factor 


Granulated wood and its resin binder, 
loose form, occupy larger volume 
space than when compressed into 
molded article. This termed the bulk 
factor the material and defined 
the ratio the volume the loose 
material its volume when molded. 
also defined the ratio the specific 
gravity the molded item the appar- 
ent density the loose material. 

Specific gravity defined the ratio 
the weight given volume air 
the weight equal volume 
water, the temperature remaining con- 
stant, 

Apparent density the weight 
definite volume the loose material. 

One equation will give value for 
any one the above properties, pro- 
vided the other two are known: 


specific gravity 


Bulk factor 
apparent density 


Bulk factor varies inversely with the 
apparent density; the higher the appar- 
ent density, the lower the bulk factor 
anu vice versa. 

The molder desires low bulk fac- 
tor because smaller molds and 
are required handle the material. 

Some the factors influencing bulk 
factor are: (1) Particle size and shapes 
the granulated wood, (2) Species 


wood used, (3) Percentage resin 
binder granulated wood used, (4) 
Moisture content the granulated 


Blending 


The purpose blending pre- 
pare from granulated wood, resin bin- 
der, and any additives; such as, color- 
ants external lubricants, 
ous mixture. The proper blending 
the various materials will furnish more 
uniform density and properties the 
molded articles. 

While any mixer 
will blend the materials into homo- 
geneous mixture can used, for 
mum mixing, certain characteristics are 
desirable. The mixer should 
cleaned and repaired, 
blending capacity provide 
quate supply material for loading 
large blends, and mix rapidly. 


Accurate scales the rapid 
type are needed weigh out the 
ous components making 
load. 


Molds 


Good mold design and construction 
are very important any molding oper- 
ation. Proper attention these factors 
will result fewer difficulties during 
the actual molding 
rienced die and mold manufacturers 
furnish the molder with well-designed 
and properly constructed molds. 


Some the advantages offered 
properly designed and constructed molds 
are: (1) Smooth surfaces the molded 
items, (2) Longer life the molds, 
(3) Less tendency for sticking, (4) 
Fewer finishing problems. 

For long mold life, cold rolled 
hardened tool steel recommended. 
Softer metals may used some in- 
stances but they may become pitted 
dented through continuous usage and 
high pressures. 

also recommended that the sur- 
faces the molds chrome plated 
facilitate removal the moldings from 
the molds and reduce sticking. 

Molds are most frequently heated 
steam; but electrical resistance heaters 
are also use. Some use made 
circulating oil, and superheated water. 


Pre-drying 

material and its moisture content wiil 
fluctuate with changes the 
humidity the surrounding air. 

Because the granulated wood and 
resin binder are molded contained 
closed molds which restrict the 
volatiles, necessary that the mois- 
ture content wood and resin blend 
cent. Some moisture necessary help 
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promote resin flow, but excessive mois- 
cure time—undercured 
moldings may rupture when pressure 
have inferior physical prop- 
promotes excessive flow, 
sticking. 

When moisture variations cause mold- 
difficulties, advisable dry the 
wood itself, the blend wood and 
resin, the latter under controlled condi- 
tions time and temperature, prior 
this cannot done, cure 
times should increased sufficiently 
dissipate the excess volatiles. Moisture 
content should checked regular in- 
tervals use moisture meter. 


Cure Time 


During the cure time, heat applied 
with pressure. The heat 
two purposes granulated wood 
molding operations: (1) Heat softens 
the resin converting into fluid state. 
this form the resin flows throughout 
the mass granulated wood. (2) Heat 
cures the fluid resin the process 
condensation into insoluble, infus- 
ible, thermoset binder. 

obtain molded articles having sat- 
isfactory properties the 
must have high initial flow that max- 
imum binding the 
will obtained. 


The resin binder must fast curing 
that the maximum production rate 
will achieved, thereby keeping the 
unit cost the article minimum. 

Cure time largely dependent upon 
the maximum thickness the mold- 
ings. The thicker the cross section, the 
longer the cure The minimum cure 
time that time which pressure can 
released and intact moldings ob- 
tained. This time may may not 
the optimum cure time. The optimum 
cure time that required produce 
molded articles having satistactory end 
properties and this must determined 
testing the pieces. 

For phenolic type binders, tempera- 
tures 300 350 degrees are used; 
for ureas and melamines, 280 300 
degrees Temperatures should 
controlled within degrees. 

Insufficient heat increases the cure 
time thereby reducing production and 
unit cost, 

Excessive heat may excessively 
darken the molded articles, wastes fuel, 
and may cause over-curing the 
thinner sections the articles resulting 
small blisters bubbles which will 
Cause pieces rejected add sub- 
the finishing operation. 


Pressure 
Pressure applied the granulated 
Wood and resin binder confined 
cavity for two reasons: (1) 
compress the bulky material the 
volume the shape the 
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mold, and (2) promote resin flow 
reducing the volume the voids be- 
tween the wood particles that the 
fluid resin seeks out the voids and coats 
the wood particles. Reducing the volume 
the voids affords required binder 
coverage with minimum quantity 
resin. 


There are established rules for 
determining The optimum 
pressure must determined for each 
application; that pressure necessary 
moldings having satisfactory 
Generally, however, 
molded articles are pressed within 
range 500 1,200 


Once pressure has been established 
for any molding operation, must 
adhered very closely all the mold- 
ings are have equivalent properties. 
the established practice press 
stops and equip the press with auto- 
matic controls insure 
sure and dimensions. 


Presses 


Hydraulic presses the accumulator 
self-contained types conventional 
design are widely used for granulated 
wood molding operations. However, 
any type presses which will rapidly and 
steadily apply are 
satisfactory. Presses should (1) Well 
constructed withstand the continuous 
use high pressure, while permitting 
application pressure the material 
within the mold cavity 
seconds after loading. (2) Have suffi- 
cient daylight between the platens 
facilitate the loading and unloading. 
(3) Adaptable other molding appli- 


cations. 
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RESIN (PERCENT) 
Figure 1.—Effect molding pressure 
strength molded articles. Figure 2.—Ef- 


fect resin content strength molded 
articles. 


Coloring 


Finishing operations 
the total cost manufacturing. 
some instances finishing costs can re- 
duced molding colored pieces. This 
done two methods: (1) Adding 
one more colorants; such as, dyes 
pigments the blend wood and 
resin. reduce costs where ever pos- 
sible, only the surfacing material need 
colored. colored moldings the 
color found throughout the article 
throughout 
Therefore, surface scratches and gouges 
can easily removed using ordinary 
polishing (2) the selec- 
tion the granulated wood according 
color. Each species wood has color 
all its own and beautiful eye-appealing 
moldings are made possible 
method, 


When molding colored articles, 
necessary that sufficient colorant used 
furnish the required covering power 
and color intensity. Fine, uniform wood 
particles should used least the 
exposed surfaces. Equal pressure must 
applied all areas the molded 
part that color intensity and gloss will 
uniform. 

While the phenolic 
resin binders may used color ap- 
plications, where highest quality 
quired, the melamine type recom- 
mended because its light color, high 
buffing characteristic, and its resistance 
fading and darkening ultra-violet 

should emphasized that not 
possible satisfactorily color all molded 
articles. The adaptability coloring for 
any specific application must deter- 
mined the 
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Figure 3.—Effect molding pressure 
water absorption molded articles. Figure 
resin content water absorp- 
tion molded articles. 
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Figure 5.—Effect pressure density 
molded articles. Figure 6.—Effect resin 
content density molded articles. 


Evaluation and Quality Control 


The purpose testing molded arti- 
cles determine their properties and 
evaluate the influence variables 
these properties. Through adequate 
evaluation and testing, the 
wood and resin formulations and mold- 
ing procedures can determined. 
Once established, desired end prop- 
erties, such as, specific gravity, water 
absorption, impact strength, breaking 
strength, cetera, should controlled 
through testing. 


The testing methods used need not 
too elaborate and involved; fact, 
reproducible tests which can made 
rapidly and easily are best suited for the 
average granulated wood molding oper- 
ation. 


The Society for Testing 
Materials Standards (ASTM) are ap- 
proved methods for testing. ASTM 
methods, modifications these 
methods, were used conduct the tests 
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discussed this article and these are 
suitable for plant testing procedures. 


Tests suggested include those for 
moisture content, specific gravity, water 
absorption, nail and screw pull resist- 
ance, flexural strength, compression 
strength, tensile strength, and dimen- 
sional change. 


The references used for these tests 
are contained the ASTM Standards, 
1949 publication follows: Evaluating 
the Properties Building Boards; 
ASTM 


Discussion Experimental Results 


order obtain specific end prop- 
erties molded articles, understand- 
ing the effects individual and com- 
bined variables necessary. The scope 
this article limited those vari- 
ables considered greatest importance. 
These are: pressure, resin content, and 
wood species. 


Constants Maintained During 
the Evaluation 
commercial, two-stage, powdered 
phenolic resin was used the resin 
binder because previous work 
wide usage industry indicated that, 
general purpose binder, the excel- 
lent flow and rapid charcateristics 
would produce molded pieces with opti- 
mum properties. After blending the 
granulated wood and resin binder, the 
moisture content was per cent. The 
temperature the mold surfaces was 
350 degrees The species wood 
used were: (a) 40-mesh birch and (b) 
40-mesh eastern white pine. The test 
specimens were one-fourth inch 
thickness and were cured for minutes 
compression type mold. 


Effects Pressure, Resin Content, 
and Species Strength 

The results tests depicted Fig- 
ures and can summarized fol- 
lows: (1) Increased pressure improves 
the breaking strength molded articles 
made from hardwoods softwoods. 
(2) Increased resin content also in- 


creases the breaking strength for both 
hardwoods and softwoods. (3) The 
breaking strength products from 
softwoods higher than these made 
from for hardwoods. 


Effects Pressure, Resin Content, 
and Species Water 
Absorption 


The results tests depicted 
Figures and can summarized 
follows: (1) Increased 
prove water resistance for both hard- 
woods and (2) Increased 
resin content also improves water 
ance for both hardwoods 
woods. (3) The hardwoods are gea- 
erally more water resistant than 
softwoods. 


Effects Pressure, Resin Conten:, 
and Species Density 


The results tests depicted 
Figures and can summarized 
follows: (1) Increased 
creases the density 
made with hardwoods 
(2) Increased resin content will 
slightly increase density, but the 
minor compared the effects 
(3) The softwoods exhibit 
greater density than the 
with increased With increased 
resin content, little difference was ob- 
served density between the softwood 
and the hardwood used. 


Summary 


Pressure, resin content, and wood 
species influence the 
erties molded articles. Specific physi- 
cal properties the molded parts may 
obtained using combinations 
these factors. Equivalent properties are 
obtainable for either hardwoods 
softwoods. 


Moisture content, and temperature 
are factors which influence rate cure 
and the degree cure determines the 
ultimate physical properties the 
molded articles. 
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Resin-Bonded Wood-Particle Board 


JOHN CRAFTON 


President, Chipcraft Company, Morristown, Tennessee 


This paper deals with the extrusion method manufacturing 
Chipcore. Equipment, quality control, production, and cost are dis- 
cussed. Chipcore, the case with any manufactured product, can 
made varying quality. Because the flexibility the extrusion 
method the Chipcore product can tailored the application 
needs. Continuous operation the guide consistent product. 
the extrusion method all possible variables are under constant control. 


HERE HAS BEEN great deal 

discussion about wood composition 
products during the past few years. 
may attribute this increased lum- 
ber costs, spirited competition, dwin- 
dling timber resources, expanding mar- 
ket, and the always existent search for 
new materials. Fiber, bark, wood fines, 
sawdust, and wood chips have been 
used. Molding, pressing, rolling, and 
extruding are manufacturing methods 
which have em- 
ployed. This paper deals solely with 
data acquired from the conversion 
wood chips panels the extrusion 
process. 

American industry rapidly head- 
ing toward the autonomous Extru- 
sion ideally suited continuous 
automatic operation. you will 
note from Figures and the oper- 
ation set assembly line bases. 
Frequent use gravity feeding em- 
ployed, however the operators are 
located one level eliminate 
all possible waste motion. The chip- 
core material not touched the 
operators until after leaves the glue 
spreader the veneering operation. 

Under conditions where there 
continuous supply wood scrap avail- 
able the swing-hammer shredder 
only men are required for the oper- 
ation 48-inch-wide Chipcore extru- 
sion unit. This includes the mixing 
and veneering operation, The 48-inch 
unit produces about 9,000 square feet 
core per 24-hours. 

Due the design the extrusion 
system the maintenance factor unbe- 
lievably small. The extruder me- 
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Modulus 
Swelling, length, 
Swelling, width, 
Swelling, thickness, percent___ 


Water absorption, 


Av. moisture content after pressing percent. 


Av. glue solids percent. 


chanically driven, all lubrication fully 
automatic and continuous, and all parts 
located points wear can read- 
ily replaced. 


Equipment 


The equipment required for ex- 
trusion Chipcore plant follows: 


(A) Chipper (needed when wet 
waste used), (B) swing-hammer 
shredder, (C) continuous drier (when 
moisture content exceeds percent), 
(D) tramp-metal separator, (E) stor- 
age bin (Composed screens, 
oversize-chip return, and chip-removal 
conveyor), (F) chip weighometer, 
(G) resin-chip blending mixer; (H) 
continuous resin-chip blending system 
(substitutes for and items where 
large volume production exists) (I) 
extruder, (J) automatic cut-off 
rangement, (K) veneering section (in- 
cluding conveyor from extruder glue 
spreader, glue spreader, 
press with loaders) and (L) the con- 
ditioning Chamber. (It frequently 
found advisable condition panels for 
stability reasons gradual adjustment 
moisture and temperature hot 
stack under moderate pressure. Items 


and are sometimes not 
needed). 


Density Range 


wide range densities can ac- 
complished Chipcore material 
the extrusion process. Densities low 
whereas, increasing pressures and 


percentage resin solids, densities 
higher than solid wood may achieved. 


Physical Properties 


The following are average figures 
for physical properties compiled 
users and independent 
They involve various types wood 
and testing conditions, 
should only considered relative. 


1,900 2,300 

3.75 2.6 1.9 1.7 

1.1 1.1 

The type wood fibrous mate- 


rial used reflects directly such char- 
acteristics modulus rupture and 
tained excellent results with such 
woods oak, cedar, ponderosa pine, 
poplar, and gum. The degree par- 
ticle size segregation the major as- 
surance final panel flatness and stab- 
ility. 
Uses 


The following are some the 
common uses for chipcore: Furniture 
core stock, wall panels (solid), fluted 
door core, block flooring, interior 
decorative panels, novelty cases, inte- 
rior mouldings, stock panels. 


‘Advantages Extrusion 


Advantages extruded Chipcore 
over pressed Chipcore can listed 
follows: (1) Chip orientation. (The 
chips aline themselves right angles 
the board surface, with better bond- 
ing veneers), (2) extruded Chip- 
core can veneered direct from ma- 
chine without sanding planing, (3) 
the density extruded material con- 
stant thickness uniform (5) fluted 
panels can readily extruded, (6) 
density can varied quickly and easily. 


Disadvantages Extrusion 


Extruded Chipcore has the same 
characteristics natural wood; hence 
has many the same disadvantages. 
weaker one direction than the 
other. This disadvantage can over- 
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AUTOMATIC CUT-OFF 
SAW 


CONVEYOR 


GLUE SPREADER 
LOADER 


come the fabricator uses the 
product would lumber core. He, 
course, docs not have worry 
about twists grain variations when 
using Chipcore. 


Possible Savings 


about the use fluted material. For 
example door core inches 
thickness with flutes inch 
diameter inch centers saving 
percent weight, and all mate- 
tials will realized. 


EXTRUDING UNIT 


CONTROL 
FEED FAN 


STORAGE 
MIXING, FEEDING & DRIVE 
SECTION 
HOG SCRAP WOOD 
CONVEYOR 
HOTPLATE VENEER 
PRESS 


TRUCK 


Cost Breakdown 


The cost will vary with local con- 
ditions, and quality core made. 
Veneer crossbands (1/20 inch) can 
calculated roughly $35.00 per thou- 
sand (both sides). These cost figures 
show that Chipcore has very definite 
and immediate position many fields. 
feel that any wood working plant 
having daily quantity tons 
more wood waste should very seri- 
ously consider potential profit 
making raw material—not boiler 
fuel. 


Cost per 


General operating expense! 1000 
Steam (400  .40 24 & 250) $ 960 
Electricity (100 KW X 24 X .01 X 250) Sree 6,000 
9,960 4.43 

Materials cost 
Wood chips particles 
2,250,000 XK 2 X5 

11,250 

2,000 

Resin mix 

2,250,000 .030 78,750 35.00 
Labor 
Machine operator —3 X 1.50 X X 250 9,000 4.00 
Depreciation at 10 percent _ 9,000 4.00 

Total manufacturing cost per year_.___-_____._._--..-_-_---- $106,710 
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Other Considerations 


The extrusion unit produces 
lineal inches per minute, hence 
width and number extruders. 
shown Figure multiple extruders 
can set up. Two extruders still 
quire only operators per shift. Duc 
the small amount man power re- 
quired this system ideally suited 
“round the operation. 

The flexibility the extrusion sys 
tem surprising. The same unit can 
produce solid panels from 34-inch 
and fluted panels from 
Length and width can varied ran- 
dom. Density can changed 
the unit actually operating. 

All extruders are equipped with 
ple control equipment for making 
quality material needed each par 
ticular manufacturer. 
quality the material will deter- 
and amount bonding agent, and 
over the equipment. 

the moment the field extru- 
sion the manufacture resin bonded 
wood particle material 
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| SCREEN 
| 
| i 
TRUCK 
TRUCK 
Manufacturing cost per 1,000 aq. $47.13 
are based follows: Equipment cost (subject change without notice), $90,000; wood chips 
particles, $5.00 per 2,000 pounds; resin (62 percent solids), cents per pound delivered; 
cents per pound delivered; machine operator, $1.50 per hour; annual production board, 2,250,000. 
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touched upon very lightly. our 
belief that the future holds promise 
accomplishments which presently 
are unknown. Most work has been 
flat solid fluted material but 
certain that further achievements are 
the offing the field extruded 
irregular 
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The extrusion process lends itself 
plant operation more readily than 
the press method. One extruder will 
use the waste from the average wood- 
working establishment. Therefore, the 
producer does not have the problem 
obtaining outside supply waste. 
The initial investment the range 


the purchasing power the plant 
which has waste available for single 
extruder our opinion 
extruding equipment will become in- 
creasingly popular the 
cause its versatility and low initial 
investment outlay. 
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Development Work Wood Planers 


JAY PETTER 


Buss Machine Works, Michigan 


The wood planer one the most frequently used machines 
the woodworking industry. expected remove large quan- 
tities material efficiently and produce high quality work. this 
paper the author presents research data the effects machine 
design and tool maintenance the efficiency and quality work 
produced modern wood surfacers. 


YEARS AGO one the wood 
journals conducted survey among 
sectors the woodworking industry 
and disclosed some very interesting in- 
formation regarding the extent the 
use various types woodworking 

The survey revealed that the saw 
was the most universally used tool and 
was productive use 74.4 percent 
given work period. The next most 
commonly used tools 
They were use 74.3 percent the 
time. Since this survey great many 
plants throughout the United States 
have installed rough mill conveyorized 
operations and, doubt, today the 
percentage use the wood-work- 
ing planer has increased 
earlier survey. Many you who have 
encountered production 
cause planer shut-downs are fully 
aware the flow material which 
controlled the machine. Down time 
planer usually means the imme- 
diate stoppage great deal pro- 
duction. 

the time when the rough mill 
lay-outs were instituted throughout the 
country, the woodworking planer was 
taken from individual hand fed 
Operation convevorized production. 
This meant that the planers had 
function many times, without operator 


and Wood Products. 1951. Use 
Woodworking Machinery. 
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attendance. Feed rates which 
planers were normally run years ago 
(25 feet per minute) were 
stepped exceed 100 feet per 
minute. These greatly increased feed 
rates resulted considerably more 
than had formerly been 
elieved possible. 


Research Power Requirement 


These rapidly changing conditions 
made apparent that that factual in- 
formation was needed the effects 
rpms, fast feed rates and knife wear 
the power requirements 
life the machine. Therefore re- 
search program the University 
Michigan was sponsored the Buss 
Machine Works determine the var- 
ious factors affecting power require- 
ments when planing wood under pro- 
duction conditions. 


The planer used for these power 
studies Buss Model 4L, 30-inch 
wedge-bed machine, having 
driven feed rolls. The 
faces were chrome plated, not only for 
long wear but cut down frictional 
resistance. horse power, 3,600 
degree motor was mounted 
the cutterhead arbor; cutting circle 
inches, four-knife head, 
degree cutting angle. 

The data presented are based 
horse power the cutterhead, net 
power being the horse power con- 
sumed the cutterhead plane the 
lumber. Net power equals gross power 
minus tare power 
losses. Power data were recorded 
Wattmeter. General Radio Strobo- 
tac was used measure the speed 
the cutterhead. 

The scope the study was large 
that the number species studied was 


limited order explore the 
factors, other than wood species affe 
ing cutterhead power. The tests 
are valid only for the species 

The tests were made under 
tion conditions for speeds, feeds and 
depths cut with every effort 
made control the many variables 
enter into the planing 
used were clear cutting, 

ried very mild schedule 
proximately percent moisture 
tent. Before the specimens were 
thickness for the tests, they were 
faced one side 
jointer order get one flat 
ence surface. The knives were sharp- 
ened and lightly jointed for each test. 


Effect Width Cut: The effect 
width cut power requirements 
was determined for hard maple. The 
stock was run through the planer 
feed rate feet per minute with 
1/16 inch depth cut and varying 
widths stock. The tests showed that 
any increase width resulted 
proportionate increase For 
example, the width were doubled, 
the power consumed would also 
doubled. (See Fig. Other 
would show variations this condi- 
tion, but general may assumed 
that for any stock the power 
ments would increase proportionally 
the width. 


EFFECT WIDTH 
CUT POWER REQUIRED 
FOR HARD MAPLE 


a 
< 
a 
FIG. | | 


INCREASE WIDTH 
DEPTH CUT FEED FPM 


The power requirements 
ing wide core stock would vary 
from the power requirements the 
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planer where pieces random 
were planed with multiple feed- 
The feed motor would have 
for planing panel stock re- 
wider stock. 


Depth Cut: The most 
cause motor overloading 
depth cut, which usu- 
“chokes the planer. This can 
.voided the planer operator will 


EFFECT DEPTH 
CUT POWER REQUIRED 
FOR HARD MAPLE 


H.P. PER IN. OF WIDTH 


DEPTH CUT—INCHES 
FEED FPM 


set aside oversize stock, stock with bull 
heads, and saw runout. Then after the 
load run, reset the planer for the 
greater thickness and run the oversize 
stock. This, course, not possible 
planers are protected from jams with 
safety devices such limit rolls, shear 
pins the feed works and relay 
heaters. hand fed operations too 
often the planer operator feeds the 
oversize stock into the planer taking 
very heavy cut for which the motor 
horse power not adequate. This re- 
sults the stock jamming the planer. 


further tests the effects depth 
cut power consumption was 
determined for hard maple. The stock 
was run through the feed 
rate feet per minute and head 
speed 3,600 rpm; each run with 
various depths cut 1/64, 1/32, 
1/16 and 14. The relationship 
power depth cut shown 
Fig. II. can observed from the 
that the depth cut in- 
creases, proportionate increase 
power results. For example, the 
depth cut doubled, the power 
necded take the increased cut 
approximately doubled. The power 
consumption course varies with 


Effect Grain Direction: The 
power consumption greater when 
stock planed against the grain 
with the grain, but the difference 
for most practical purposes small, 
its effect may ignored. How- 
the surface quality greatly 
the grain direction. 
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Effect Feed Rate: this study 
were particularly interested the 
power requirements the planer 
relationship the feed rate the 
machine. Tests were run for four spe- 
cies lumber determine the power 
consumption various feed rates. The 
stock was run through the planer 
feed rates from 137 feet per 
minute with depth cut kept 1/16 
inches. These tests showed that in- 
crease feed rate increased the power 
required, although the rise power 
not proportionate the increase 
feed rate. (See Fig. For example, 
the feed rate doubled, the power 
consumption less than doubled. This 
seems logical the faster feed 
results each knife cutting thicker 
chip, therefore, being more efficient. 

For example, the increase 
wood 100 feet per minute about 
three times that feet per minute. 
This means that the power require- 
ments the cutterhead motor in- 
creased three-fold while the feed rate 
quadrupled. 


Tool Maintenance Studied 


Effect Knife Condition: An- 
other important factor 
power consumption the condition 
the knives. Tests run planing hard 
maple using depth cut 
showed that the power consumption 
dull knives the end day’s pro- 
duction was about twice great the 
power consumed the same feed rate 
and depth cut when the knives were 
sharp the beginning the 
run. (See Fig. IV) This means that 
the cutterhead, feed motor, gearing 
and all working parts were com- 
pelled force the lumber past dull 
knives. Under those conditions all 
working parts the machine and the 
wearing parts are subjected undue 
wear stresses. Vibration and 
stresses are also imposed upon the 
cutterheads and machine frames. 
the knives increase 
motors overload, and stop 
the conveyor line and consequently 
also, production. 

more stock conveyorized operation 
than when hand fed, the knives must 
ground more often keep them 
good cutiing condition. This requires 
setting maintenance pro- 
grams that knives are ground with 
the frequency that consistent with 
production and material being cut. 
When plants set sound programs 
grinding knives, many the prob- 
previously disappear 
and reduce production stoppage, and, 
the same time, improve the surface 
quality the work. 

Our service engineers checking pro- 
duction plants various sections 


the country, frequently found that loss 
production was due poor main- 
tenance program grinding and joint- 
ing the knives. Knives sometimes 
were ground only once week even 
though production might high 
20,000 feet per day. production 
men realize more and more the im- 
portance maintenance, frequent 
knives production shops 
will become normal procedure. has 
been definitely established that 
knives are ground frequently, less time 
required bring them sharpness 
than the knives are permitted be- 
come badly worn chipped. The 
time consumed sharpen knives will 
more than paid for increased 
production, better work, reduced 
maintenance cost and longer life 
the machine. 


Effect Shaving Choke: One 
other factor entering into the efficiency 
planing machines the exhaust 
system. inadequate exhaust system 
results shaving choke, which means 
the knives recut shavings. This de- 
creases their life between grindings. 
Shaving choke also overloads the gear- 
ing the feed works besides causing 
chip printing the shavings are 
pressed the outfeed rolls into the 
finished wood 
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Research Machine Design Re- 
sulted Higher Quality Work 


The importance the grinding 
and jointing operation was 
oughly demonstrated through these 
studies and through field experiences 
with conveyorized operations that the 
Buss Machine Works decided un- 
dertake further research 
and jointing the Univer- 
sity Michigan, Wood Technology 
Laboratory, under the supervision 
Professor Patronsky. Grinding 
and jointing equipment were subjected 
stress conditions normally found 
woodworking planers. Analyses 
means strain gages and other preci- 
sion apparatus resulted 
change one-piece ribbed reinforced 
heavy grinding rail for precision grind- 
ing. This grinding rail was designed 
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have adequate rigidity for grinding 
cemented carbide knives the planer. 
Tests production showed 
deflections the grinding device 
less than .0001 inch which allows 
skilled operator grind and joint 
very close tolerances. 

Using this precision grinding equip- 
ment, knives were very carefully 
ground and jointed; tests were then 
run determine the number knife 
marks that could observed per inch 
the feed rate was increased from 
105 feet per minute. Theoreti- 
cally, the feed rate increases (the 
cutterhead speed remains the same) 
the number knife marks per inch 
decreases. However, has probably 
been the experience many 
the feed rate increased, sometimes 
there noticeable reduction ap- 
parent knife marks per inch. The rea- 
son being that the feed rate in- 
creased, the minute length variances 
among the knives have less chance 
become obliterated. can demon- 
strated that the short knife cutter- 
head, while may not show 
finished mark the surface the 
lumber, will still percent 
much work the full length 

the feed rate the short 
knives may make their marks upon the 
finished surface the lumber. 
knife marks per inch sometimes 
used gage good planing, the 
feed rate can stepped and still 
the minimum number knife marks 
per inch will show upon the finished 
stock, the knives are ground and 
jointed within tolerances 
.001 inch, This phenomena can ex- 
plained mathematically its relation- 
ship the care taken the grinding 
jointing 

When the knives are ground and 
jointed very close tolerance, more 
the knives show the finished 
surface higher feed rates. This fact 
evident fast-feed molders and 
planer some mills using 
fast feed machines, the cutterheads 
have many twenty knives and the 
feed may run above 400 feet per min- 
ute. matcher running feed 
rate 250 per minute and hav- 
ing ten knives the cutterhead, you 
will get feet per knife per minute 
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(250 10). comparison planer 
furniture plant finishing work 
with four knives the and with 
the feed running feet per minute 
will only have feed rate feet 
per knife per minute (30 4), 
almost three times the opportunity 
the inequality the knives 
wipe out the knife marks the 
planer than the fast feed machine. 


The practice planer-matcher oper- 
ations joint several times during 
the day and quite heavy joint 
carried (up 1/32).* This can 
done the stock travels faster 
feed rate, and because the machine’s 
having much cutterhead. 
Heavy jointing these narrow ma- 
chines does not have the effect that 
would have wide planer. Heavy 
jointing not the solution good 
knife work even with heavy jointing 
knives may vary from each other 
the knives are not ground carefully 
and cause increase planing de- 


Another factor entering into the 
judgment good planing 
height the knife marks left the 
finished stock. the knives are 
ground and jointed close tolerances, 
the height the knife marks remains 
about the same the feed rate in- 
creased until feed rates over 100 
feet per minute are These 
figures are all based upon four-knife 
head. 


However, many woods not lend 
themselves higher feed rates be- 
cause the characteristic cutting ac- 
tion the wood. Various species 
woods show increases planing de- 
fects feed rates are increased. How- 
ever, the advantage grinding and 
jointing with care and accuracy that 
the planer can run higher feed 
rates than could normally obtained 
with poor grinding accuracy. the 
grinding and jointing are done with 
extreme care and the planer fed 
faster rates than normally used for 
cabinet work, possible obtain 
maximum production and the high- 
est quality The machine 
must well-adjusted, have excellent 
grinding and jointing equipment and 
the operator must skilled the 


4 Petter, J. C. 1935. Better Planing. West 
Coast Lumberman. Vol. 62, No. 


Davis, 1952. Further Experiments 
the Planing Hardwoods. 


operation, adjustment and maintenance 
the machine. 

these days high labor costs, 
use slow feed rates obtain satis- 


EFFECT KNIVES 
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HARD MAPLE 
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LIGHT JOINT 


> 
> 
=z 


UNJOINTED 


CONDITION KNIVES 


factory finishes cost item which 
demands consideration not only the 
part the manufacturer but the 
planer operator. actual practice 
with knives ground and jointed 
minute accuracy, the number knife 
marks per inch will stay about the 
same regardless the rate feed 
the range 100 feet per min- 
ute. can therefore strongly stated 
that fine planing can only achieved 
careful grinding and jointing 
operation and that the more the knives 
vary among themselves, the faster the 
feed must set try bring all 
knives into the cut. But the knives 
are poorly ground and jointed, the 
work will become inferior that be- 
fore all knives, theoretically, show 
the cut, the operator must reduce 
the feed and satisfied let the one 
long knife make the finishing cut. 
for this reason that many 
old machines must operated low 
feed 

conclusion, dull knives cause 
over-stressing the working parts 
the planer and increased wear due 
the resistance the stock fed 
past the knives. Therefore rigorous 
cutting tool maintenance program 
imperative. The power increase with 
dull cutters could large factor 
when all the machines plant are 
considered. Also, the quality work 
may poor and productivity seriously 
reduced. 


Knife Marks per Inch. Forest 
Products Research Society, California Section, 
Fall Meeting, 1952. 
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This report concerns the effect certain machining factors 
quality wood finish and power consumed operating mod- 
ern 6-inch molder. The machining factors include feed rate and 
cutterhead speed different combinations, number knife cuts per 
inch, cutting angles, knife materials, and moisture content the test 
material. The five principal hardwoods and the three principal soft- 
woods were studied. The results are value improving molder 


operation. 


Introduction 


1953 the Forest Products 
Laboratory entered into coopera- 
tive agreement with the Ekstrom—Carl- 
son Company make certain machin- 
ing tests wood with 6-inch 
molder furnished the company. 
This report covers the test work and 
findings this cooperative job. 

The purpose the tests was deter- 
mine the effect such factors cut- 
ting angles, feed rates, and cutterhead 
speeds the quality finish and 
power consumption. Although only 
one make was used, 
believed that the findings would 
applicable other makes operated 
under the same 

Either the pure research approach 
the applied research approach may 
followed job this sort. The 
former typically more intensive 
study smaller amount material 
involving more precise controls and 


tion with the University Wisconsin. 
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measurement than are commercially 
feasible. Usually too long range 
job aimed discovering underlying 
that may may not have 
immediate application. The applied re- 
search approach promised yield more 
immediately useful information. was, 
therefore, decided the more suit- 
able approaach this cooperative under- 
taking. 
Scope Report 


Most the work reported here deals 
with the series runs outlined 
table The factors involved 
series are feed rate, cutterhead speed, 
cutting angle, type knife, and mois- 
ture content the wood. Each run con- 
hardwoods and softwoods percent 
moisture content plus samples 
each softwoods percent mois- 
ture content total 550 samples. 
round figures, 24,000 cuts were 
made 3,000 samples. Two other 
series and runs were made, deal- 
ing respectively with depth cut and 
number knife cuts per inch. The 
effect these factors quality fin- 
ish and power consumption was deter- 
mined all runs. 

This research obviously did not ex- 
haust the subject molder operation 


any means. would require 
several man-years work. Some the 
factors mentioned above could well 
explored further. Some other important 
factors, such rate dulling differ- 
ent materials and size cutting 
circles, were not examined. This report, 
therefore, should considered merely 
edge molder operation. 


Testing Machine 


Tests were made with the 
No. 466 high-speed molder, modern 
6-inch machine weighing roughly 
10,000 pounds. was equipped with 
variable feed from 225 feet 
per minute. Five cutterhead speeds were 
available: 3,600, 4,800, 5,400, 6,000, 
and 7,200 revolutions per minute. Fig- 
ure shows the machine with hoods 
and exhaust pipes removed for better 
visibility working parts. Each the 
four cutterheads has its own motor, 
which can run independently, making 
possible measure the power re- 
quired for any one motor any com- 
bination motors. Actually, the top 
head (fig. was the only the 
used the tests. Consequently, the 
power requirement figures this report 
apply only that motor combina- 
tion with the feed works motor. 


Test Material 


The five hardwoods tested were yel- 
low birch, red gum, hard maple, white 
oak, and yellow poplar. These five com- 
prise percent all hardwoods cut. 

The three softwoods tested are Doug- 
las-fir, ponderosa pine, and southern 
yellow pine. 


Table 1.—PRINCIPAL SERIES RUNS MADE THIS STUDY’ 


Type knife 


High-speed steel 60 


Carbide. 60 


120 


Cutter- Cutting angles= 
head 
speed 10° 20° 
R.p.m. 


3,600 
4,800 
5,400 
6,000 
7,200 


3,600 
4,800 
5,400 
6,000 
7,200 


AK ARK 


hardwoods were tested percent moisture content only. The softwoods were tested both 


percent and percent. 


indicates which angles runs were made. 
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Fifty boards from each species were 
selected random insure normal 
range variants within the test material 
itself. Such variants include density, 
number rings per inch, angle between 
growth rings and surface, 
teristic grain irregularities. After being 
dried required, each the boards 
was cut into several clear test samples 
inches wide feet long board- 
foot), which were numbered and con- 
ditioned the required moisture con- 
tent. this way, six complete sets 
test samples were made. Each set con- 
sisted piece from each the 
boards each species percent mois- 
ture content, plus one piece from each 
the boards each softwood 
percent, total 550 samples 
per set. the course the series 
runs outlined table all sets were 
used up. The character the wood 
often varies considerably different 
points given board but, the ex- 
tent shown above, the different 
were matched material. The samples 
prepared may considered typical com- 
mercial 


Test Procedure 


All tests were made with straight 
knives order eliminate the pattern 
factor. After grinding, the knives were 
jointed the head get uniform 
sharpness nearly was practical, and 
insure that each knife did its share 
the cutting. The amount jointing 
was just enough bring all knives 
the same cutting circle. This usually left 
scarcely perceptible land for the full 
length each knife. Where repeated 
jointing operations produce relatively 
wide land, the quality the finish 
course affected. this case, how- 
ever, the land was altogether too narrow 

The high-speed steel knives were 
ground and/or jointed after about every 
depending the feed rate. Although 
some slight dulling begins quite soon, 
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intervals between sharpenings were 
much shorter than commercial prac- 
tice. Any dulling that took place this 
short time not believed signifi- 
cant. 

Carbide knives were sharpened only 
when changed from one cutting angle 
another. those times, light joint- 
ing was necessary get all four knives 
into the same cutting circle. The inter- 
vals between sharpenings were about 
five times long for the steel knives. 

usually understood, the term 
ting refers the angle between 
radial line the end the cutter- 
head and the cutting side the knife. 
The cutting angle may modified 
the design the head. The cutterhead 
figure right, for instance, de- 
signed with 20° cutting angle and the 
one figure left, with 40° cutting 
angle. most knives, the cutting edge 
beveled only one direction 
angle 40° 45°. Sometimes, how- 
ever, knives are beveled two direc- 
tions, which offers another means 
modifying the cutting angle. figure 
the knives the cutterhead the left 
have two bevels, the original one and 
The one shown 40° head, but the 
20° back bevel reduces the actual cut- 
ting angle 20°. These same knives 
the 20° head, (fig. right), would 
produce cutting angle. Similarly, 
knives with 10° back bevel would 
produce 10° cutting angle the 20° 
head and 30° cutting angle the 40° 
head. The different cutting angles em- 
ployed this study were obtained 
the use these two heads using knives 
with 0°, 10°, and 20° back bevel. 

After the grinding and jointing the 
start, the machine was adjusted the 
desired feed rate and cutterhead speed. 
one series runs, number knife 
marks per inch was the variable under 
constant cutterhead 
speed was employed, and the feed rate 
was changed change the number 
knife cuts. all other runs, the feed 


Figure 1.—Molder used machining tests 


Figure 2.—The two cutterheads used the tests: left, designed with 
40° cutting angle; right, designed with 20° cutting angle. 


rates and cutterhead speeds were com- 
bined give knife cuts per inch. 
Except series runs where 
depth cut was the variable under 
consideration, uniform cut 1/16 
inch was maintained means 
steel gage. Seven eight runs were 
usually made with one set samples 
before they became too thin for further 
use. Since two samples are exactly 
the same all respects, there are defi- 
nite advantages making series 
related tests with one set test samples. 

All pieces given species were 
run through the molder consecutively, 
the order species being random. 
Most samples the size used have 
least some slight degree cross grain 
some point. This was taken into 
account feeding the samples that 
the knives cut with the grain half 
the cross-grained samples and against 
the grain the other half. 

Promptly after machining, the test 
samples were carefully examined, one 
one, for machining defects and the 
results recorded prepared forms. 
The defects under consideration were 
raised grain, fuzzy grain, chipped 
grain, and chip marks. The forms 
showed which these defects, any, 
were present any given test sample. 
They also showed whether any given 
defect, when present, occurred 
slight, medium, advanced degree. 
All this will explained more fully 
under the next heading Evaluation 
Results. 

Power consumption data were ob- 
tained using wattmeter recording 
kilowatt-hours. Because the test sam- 
ples were only feet long, all sam- 
ples each species were run end 
end. This made continuous record 
for 150 lineal feet per species. Preli- 
tests showed that for accuracy 
and ease interpretation, this was 
better than running samples sep- 
arately with breaks between. 

wattmeter records power consumed 
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Figure 3.—Recording wattmeter 


molding. figure however, four 
species are shown together for com- 
parative purposes rather than singly 
the original charts. the eight 
species tested, figure shows the one 
using the most power, maple; the one 
using the least, ponderosa pine; and 
two intermediate species, yellow-poplar 
and southern yellow pine. 

The low reading each end the 
2.5, the power required 
the feed and top head motors when 
idling with wood passing through 
the machine. All the central part the 
record represents the total power re- 
quired when actually cutting wood. 
would expected, this varied widely 
between species. The difference be- 
tween total power and idling power 
any given case represents the power 
required for cutting and feeding alone. 

For any wood shown figure 
there are numerous power fluctuations 
different points the chart. These 
are differences due character the 
individual samples. All such factors 
specific gravity, cross grain, and (in 
some species) number rings per 


Figure 4.—Different degrees raised grain. 
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record power required 
machine 150 lineal feet each four species the molder. These 
runs were made under the following conditions: feed, 120 feet per 


LINEAL FEET OF TEST MATERIAL CUT 


high-speed 


inch, proportion summerwood, and 
angle rings with reference the 
surface effect the power requirement 
some extent. Fluctuations like those 
random samples all species tested. 

Two types knife materials were 
used these tests, high-speed steel 
and tungsten carbide. the Rockwell 
scale, the high-speed steel had 
hardness 65.6 and the tungsten car- 
bide 68.5, compared with 61.7 for 
carbon steel. Both carbide-tipped 
knives and solid carbide knives were 
tried. The tests, however, were not de- 
tailed enough show significant dif- 
ferences. Accordingly, distinction 
between these two forms carbide 
attempted here. The carbide knives 
were supplied the manufacturer 
suitable for the job. 


Evaluation Results 


All quality comparisons are based 
machining defects. Figures and 
show the defects referred to, raised 
grain, fuzzy grain, chipped grain, and 
chip marks. Sample each figure 


minute, cutterhead speed, 7,200 revolutions per minute; knives, 
cutting angle, 
material, percent; depth cut, 1/16 inch. 


20°; moisture content test 


illustrates slight degree the defect 
under consideration, sample me- 
dium degree, and sample serious 
degree. 


‘These defects were recorded both 
frequency occurrence and degree. 
This was done visual inspection, 
which raises the question how accu- 
rately different degrees defects can 
determined visually. using 
photographs like figures and 
defects can graded 
accurately enough show consistent 
trends and relationships, will appear 
later. far the incidence the 
defects concerned, there can little 
question ability decide accurately 
visual means whether given sam- 
ple has does not have machining 
defects. The quality comparisons 
this report are based percent 
pieces. Data degree 
defects are definitely secondary 
importance, 

Most the defective pieces are only 
slightly defective, will shown 
later. For such uses furniture, fix- 
tures, and interior trim, even slight de- 


Figure 5.—Different degrees fuzzy grain. 
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Figure 6.—Different degrees chipped grain. 


grees machining defects objec- 
tionable. most instances, however, 
light sanding would suffice remove 
them. From the standpoint boards 
and framing, there are two angles 
considered, utility and appearance. 
Medium and advanced degrees ma- 
chining defects would not necessarily 
reduce the utility much. the other 
hand, they definitely hurt the appear- 
ance and reduce the saleability, least 
market. Good machining 
properties are therefore advantage 
for any wood. 

the extent that the machining 
defects discussed here affect smooth- 
ness surface, the method used 
rough measure smoothness. But 
defect-free sample oak will differ 
surface smoothness from defect-free 
sample maple because structural 
differences. accurate 
measure the surface smoothness 
wood must take wood structure into 
account, The method used here, being 
applied rather than pure research, stops 
short this desirable end. 


Characteristic Molding Defects 


given defect often varies widely 
incidence under different conditions. 
pieces may sometimes found. 
most cases, however, not more than 
percent the samples showed any 
given defect (table 2). 

Raised grain rather rarity 
hardwoods but common 
woods, especially percent mois- 
ture content. definitely related 
the structure softwoods, and typi- 
cally the raised portion consists the 
relatively hard summerwood (fig. 4). 
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usually becomes evident soon 
the piece passes through the machine, 
but pieces that come through smooth 
may develop some raised grain later 
there pronounced change mois- 
ture content. Unless too extreme, 
may remedied sanding. more 
common lumber planed high 
moisture content. rule was much 
less common ponderosa pine than 
the other two 


Occasional examples fuzzy grain 
(fig. may develop almost any 
the softer woods, depending upon con- 
ditions. this test, however, the only 
serious instance was running soft- 
woods percent using carbide 
knives. Except rather extreme cases, 
this can remedied sanding. 


Figure 7.—Different degrees chip marks. 


All the woods tested showed 
more less chipped grain, 
trated maple figure Only 
birch, maple, and Douglas-fir was 
all common. all lumber were straight 
grained, chipped grain would de- 
velop machining, but commercial 
lumber just doesn’t grow that way. 
Where all the grain slopes one direc- 
tion throughout the length piece, 
chipped grain can avoided feed- 
ing that the knives revolve with 
the grain, But some pieces have grain 
irregularities such nature that the 
knives necessarily revolve against the 
grain one point another, regard- 
less which end enters the machine 
first. This sort thing much more 
typical birch and maple than 


Table. 2.—OCCURRENCE MOLDING DEFECTS THE SPECIES 


Fuzzy 


Raised Chip 
Moisture content Type knives Species grain grain grain marks 
Percent Percent Percent Percent Percent 
Carbide Oak, white 2 0 3 
_ OE ES Ae High-speed steel Pine, ponderosa 20 1 1 0 
ee ics ....-.- High-speed steel Pine, southern 38 6 6 1 
Carbide Fir, Douglas 69 0 18 32 
_ Carbide Pine, southern 67 0 4 11 
. we _... High-speed steel Pime, ponderosa 47 0 4 6 


the mean the 20° and 30° cutting angles all feed rate and cutterhead speed combinations. 
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other hardwoods and 
flected the chipped 
grain those woods. Because chipped 
grain consists little 
low the general level the surface, 
more difficult remedy than 
raised grain fuzzy grain unless 
extremely shallow. 


Chip marks (fig. are shallow 
pressions the surface caused shav- 
ings that have clung the knives in- 
stead passing off the exhaust 
intended. They are affected sharp- 
aess knives, adequacy air flow, 
and also species characteristics. 
Douglas-fir, for instance, consistently 
develops more chip marks than pon- 
derosa pine and southern yellow pine 
planed under identical conditions. 
Among hardwoods, red gum and oak 
were less subject chip marks than 
the other three species. 


will noted that the lower 
half table the figures showing 
machining defects for given species 
often total more than 100 percent. The 
reason for this apparent discrepancy 
that individual test samples sometimes 
contain defects two more types. 


Relation Between Defect-Free Pieces 
and Defective Pieces 


previously stated, the quality 
comparisons this report are based 
percentage defect-free pieces. 
some instances, the percentages 
defect-free pieces may seem unduly 
low. But necessary keep mind 
that most the defective pieces are 
only slightly defective. slight degree 
chipped grain covering only square 
inch, for instance, enough place 
sample the defective category. 
Table illustrates how this works out 
practice. every instance, the 
slightly defective pieces exceed the 
more seriously defective ones usually 
wide margin and, several in- 
stances, the latter are almost negligible. 
Although the actual figures would 
change more less under different 
operating conditions from those shown 


table this same principle holds 
good under other conditions. Many 
the slightly defective pieces would 
raised the defect-free class the 
sort sanding wood normally gets 
when put any exacting use. 


Comparative Molding Properties 


Three the five hardwoods tested, 
gum, oak, and yellow-poplar, were 
about par the top the hard- 
wood list with percent more 
defect-free pieces. Birch was substan- 
tially lower, and maple, the lowest 
all, yielded only percent defect- 
free pieces about two-thirds many 
the best hardwoods. Under the ma- 
chining conditions shown table 
both types knife gave very similar 
results for hardwoods. 


With softwoods percent, pon- 
derosa pine was much the best, south- 
ern yellow pine intermediate, and 
Douglas-fir the poorest. Parallel results 
were obtained with the carbide knives, 
but the percentages defect-free pieces 
were substantially lower. 


Softwoods percent fell the 
same order percent; that is, 
ponderosa pine, southern pine, and 
Douglas-fir. The yields defect-free 
pieces were much lower, however, and 
the spread quality work between 
the two types knife was much wider. 
far softwoods were concerned 
then, the drier material was definitely 
better, and high-speed steel knives gave 
better results than carbide knives with 
test material the same moisture 
content. 


Effect Machining Factors 
Quality Finish 

Cuts and Quality Finish: 
series runs was made one 
cutterhead speed, 3,600 revolutions per 
minute determine the effect knife 
cuts finish quality. The feed rate 
was adjusted different runs 
give 10, 12, 16, and knife 
cuts per Depth cut was con- 
stant inch. 


Table 3.—OCCURRENCE MOLDING DEFECTS VARIOUS 


Samples cut with 
high-speed steel knives 


Samples cut with 
carbide knives 


More More 
Slightly Slightly 
Defect-free defective defective Defect-free defective defective 
Species Percent Percent Percent Percent Percent Percent 
HARDWOODS 
94 5 1 90 9 1 
80.0 16.2 3.8 2.4 13.8 3.8 
SOFTWOODS 
Douglas-fir - 37 57 6 20 34 
Pine 
61.0 38.7 2.0 35.0 42.0 23.0 


material percent moisture content, using the mean all feed-rate and cutterhead-speed 


with 20° cutting angle. 
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Table 4.—COMPARATIVE MOLDING PROPER- 
TIES THE WOODS 


Percentage of 
defect-free pieces 


High- 
speed- Car- 
Moisture steel bide 
Species content knives’ knives 
Percent 
Birch, yellow___--__-- 6 74 73 
6 88 89 
Maple, hard_-_-----_- 6 61 63 
6 92 88 
6 89 87 
Douglas-fir 6 30 17 
Pine 
Douglas-fir. 20 19 3 
Pine 
20 49 9 


the mean the 20° 30° cutting 
angles for all 5 feed rate and cutterhead speed 
combinations. 


Number knife cuts per inch 
proved perhaps the chief factor 
affecting quality work. Considerable 
variation the degree which differ- 
ent species are affected apparent from 
figure 

The leveling-off tendencies the 
upper part the curves suggest that 
little further improvement quality 
work could expected increasing 
the number knife cuts except, per- 
haps, maple. ponderosa pine and 
oak, for instance, the starting point 
considerably higher than for maple and 
Douglas-fir. The improvement with 
increase number knife cuts 
more rapid, and leveling-off tendency 
appears sooner. Oak gave good re- 
sults cuts per inch maple 
20, and ponderosa pine nearly good 
results cuts Douglas-fir 12. 

For hardwoods group only 
percent many defect-free pieces were 
obtained knife cuts per inch 
20. For softwoods group, the 
corresponding percentage was 25. 

Data all eight species tested are 
shown table 


Feed Rate, Cutterhead Speed, and 
Quality Finish: tests deter- 
mine the relation feed rate and 
cutterhead speed quality finish, 
different feed rates were combined 
with different cutterhead speeds 
give knife marks per inch each 
instance. The combinations were 
follows: 


Revolutions 


Feet per minute per minute 


3,600 
90 5,400 
120. 7,200 


Runs made each the above com- 
binations with the two most commonly 
used cutting angles, 20° and 30° are 
averaged table 

The general conclusion that, pro- 
vided the number knife cuts per 
inch constant, the quality the work 
remains constant, regardless feed 
rate and cutterhead speed. Other things 
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Table 5.—NUMBER 


KNIFE CUTS PER INCH AND QUALITY 


Percentage defect-free pieces 


6 
Birch, yellow ea 16 
Gum, 
Maple, hard 
Oak, white__ 32 
36 
18.4 
Pine 


Number knife cuts per inch 


39.2 52.8 64.0 76.0 81.6 

38.7 48.0 56.0 61.3 64.0 


made with high-speed steel knives; samples percent moisture content; cutterhead 3,600 
revolutions per minute; and feed rate adjusted give knife marks shown above. 


being equal, just good work can 
done with the highest feed rate and 
cutterhead speed with the lowest, 
within the limits this study, least. 
This general conclusion applies hard- 
woods percent moisture content, 
softwoods percent, softwoods 
percent. also applies both 
high-speed steel knives and carbide 
knives. terms output this means 
that may often practical greatly 
increase the output machine with- 
out necessarily lowering the quality 
finish. Figure shows these relation- 
ships graphically. 


High-speed Steel Knives, Carbide 
Knives, and Quality Finish: Fig- 
ure also permits comparison 
finish quality results obtained with the 
high-speed steel and carbide knives. 

With hardwoods dried percent, 
both types knife gave closely parallel 
results, the average, the high-speed 
steel knives yielded percent defect- 
free pieces compared with percent 
for carbide knives. 

The spread between these types 
knives was wider when came 
machining softwoods percent mois- 
ture content. Fifty-three percent the 
pieces produced with high-speed steel 
knives were defect-free; with carbide 
knives, percent were defect-free. 


percent moisture content, the 
softwoods display still wider spread be- 
tween the quality work done high- 
speed steel and carbide knives. The steel 
knives produced percent defect- 
free pieces and the carbide knives only 
percent. Under the conditions these 
tests percent moisture content for 
softwoods was far from the optimum 
for carbide knives. 


Certain contrasts between the condi- 
tions these tests and typical commer- 
cial practices should pointed out here. 
stated under the heading Test 
Procedure, both the steel 
knives were sharpened much more fre- 
quently than done commercial 
practice. For all practical purposes 
could said that all tests were made 
with freshly sharpened knives. Under 
the circumstances this was necessary. 
does, however, leave out account dif- 
ferences the sharpness life the two 
materials. raises the question, how 
would results with the two materials 
compare after continuous operation for 
hours? This study does not have 
the answer. Since the steel dulls more 
rapidly than carbides, longer runs might 
well show the carbide knives better 
advantage than under the short run con- 
ditions this test. 


Table 6.—FEED RATES, CUTTERHEAD SPEEDS, AND QUALITY 


Percentage defect-free pieces at— 


Moisture Type Kind 
content wood knives angle 
Percent Degrees 

Hardwood High-speed 
6 Hardwood High-speed 30 
Hardwood High-speed Av. 
Hardwood Carbide 
6 Hardwood Carbide 30 
Hardwood Carbide Av. 
Softwood High-speed 
6 Softwood High-speed 30 
6 Softwood High-speed Av. 
6 Softwood Carbide 20 
6 Softwood Carbide 30 
6 Softwood Carbide Av 
Softwood High-speed 
20 Softwood High-speed 30 
Softwood High-speed Av. 
Softwood Carbide 
20 Softwood Carbide 30 
20 Softwood Carbide Av. 


120 knife marks per inch all cases. 
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Feed-speed combinations 


100 120 
f.p.m., f.p.m., f.p.m., f.p.m., 
3,600 4,800 5,400 6,000 7,200 

83.0 82.0 81.0 

77.0 81.0 80.0 

53.5 57.0 48.0 54.0 50.5 

35.5 36.0 38.5 37.0 37.0 

33.0 28.5 30.0 31.0 

4.5 3.5 4.0 4.5 7.0 


OEFECT-FREE PIECES (PERCENT) 


10 20 
KNIFE CUTS (NUMBER PER INCH) 


Figure 8.—Effect number knife cuts 
per inch upon quality finish (high-speed 
steel knives 20° cutting angle, 3,600 
revolutions per minute, percent moisture 


Moisture Content and Quality 
Finish: Lumber all species usu- 
ally well seasoned for exacting uses. 
The moisture factor still holds some 
interest, however, because much lumber, 
especially common grades, dressed 
around percent moisture content. 
Although poor machine work may not 
affect the utility common lumber 
much, does affect appearance and, 
some extent, saleability. 

Only the softwoods were tested 
two moisture content levels. When cut 
with high-speed steel knives, the soft- 
wood percent yielded percent 
defect-free pieces, compared with 
percent for softwoods dried 
percent. The most common defect 
far the higher moisture content was 
raised grain. 
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Figure 9.—Effect different combinations 
feed rates and cutterhead speeds 
quality finish. Average 20° and 30° 
cutting angles, knife cuts per inch. 
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HIGH-SPEED STEEL 


The moisture factor had even more 
influence when carbide knives were 
used. Thirty-seven percent the sam- 
were defect-free when machined 
percent moisture content, whereas 
percent them were defect-free 
percent moisture content. Raised 
and fuzzy grain were much the 
nost common defects the latter. Table 
and figure give these data. 

Data the effect moisture content 
the machining hardwoods are not 
from this study. But earlier 
ests made 12, and percent 
content showed percent 
the best results and percent the 
poorest with hardwoods. 


Depth Cut and Quality 
Four runs were made de- 
termine the effect depth cut 
finish quality with the following depths 
cut: 1/32, 2/32, 3/32, and 4/32 
inch. Results are shown table 


Table 7.—DEPTH CUT AND QUALITY 


Percentage defect-free 
pieces cuts 


2/32- 3/32- 


Species inch inch 

oS See 92 82 80 80 

86.8 78.8 76.8 73.6 
52 34 36 32 
Pine 

Southern yellow-____- 68 


62 44 40 
58.0 49.3 48.0 
samples machined feet per minute, 


3,600 revolutions per minute, 6 percent moisture 
content, and 20° cutting angle. 


Within the limits covered, the lighter 
the cut, the fewer defective pieces. 
general, the difference between results 
1/32 inch and 2/32 inch was much 
greater than between any other two suc- 
cessive cuts. 

The depth cut factor affected qual- 
ity finish much less the average 


Table 9.—CUTTING ANGLES AND SPECIFIC 


Cutting angle 


content 10° 20° 30° 40° 
Percent 
Percent Pieces with Defect 
Fuzzy grain 1 1 2 0 0 


average for the following combinations feed rates and cutterhead speeds: f.p.m. and 
3,600 r.p.m.; 90 f.p.m. and 5,400 r.p.m.; and 120 f.p.m. and 7,200 r.p.m., using high-speed steel knives. 


for hardwoods than for softwoods. But 
within each group, certain species dif- 
ferences were oak, for ex- 
ample, there was only percent differ- 
ence between the best cut and the poor- 
est one, compared with percent 
difference maple. Similarly, 
woods ponderosa pine quality was much 
less affected depth cut than was 
southern yellow pine quality. This shows 
why (with some woods and for some 
exacting uses) often helpful 
make preliminary roughing cut fol- 


Cutting Angles and Quality 
Finish: With high-speed steel knives 
and test samples percent moisture 
content, the smaller the cutting angle, 
the better the results (table 8). This 
general trend applied both hardwoods 
and softwoods. Cutting angles, however, 
were much more critical factor for 
some woods than for others. Maple, for 
instance, yielded nearly twice many 
defect-free pieces the best cutting 
angle the poorest one. With red- 
gum the other extreme, there was 
only percent difference. Among 
softwoods percent, ponderosa pine 
was not nearly much affected 
cutting angles either Douglas-fir 
southern yellow pine. 


Table ANGLES AND QUALITY 


Percentage defect-free pieces cut with— 


High-speed steel knives 
cutting angles 


Carbide knives 
cutting angles 


Species 10° 20° 30° 40° 20° 30° 40° 
HARDWOODS, PERCENT MOISTURE CONTENT 
100 81 73 76 59 12 75 53 
99 97 84 93 85 90 88 81 
i "ee eee 100 69 63 60 51 68 58 46 
SOFTWOODS, PERCENT MOISTURE CONTENT 
ine 
90 80 17 77 63 57 64 59 
Southern yellow_...-.-..------ 82 56 64 41 31 28 34 29 
cs 80 58 59 47 37 35 38 34 
SOFTWOODS, PERCENT MOISTURE CONTENT 
9 11 62 35 31 8 11 9 


1 Basis, mean of 3 runs at 60 feet per minute and 3,600 revolutions per minute, 90 feet per minute and 
400 revolutions per minute, and 120 feet per minute and 7,200 revolutions per minute. 
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The and 10° angles are little used 
except occasional plants that specialize 
woods like birch and maple that are 
quite susceptible chipped grain. Knives 
are reported dull more rapidly 
these cutting angles than larger ones 
but rate dulling was not dealt with 
this study. Probably the most com- 
monly used cutting angles are 20° and 
30°. Under the conditions these tests 
the three heavier hardwoods, maple, 
birch, and oak gave slightly better re- 
sults with the 20° cutting angle. For 
gum and poplar the other hand the 
30° angle was definitely better. Pon- 
derosa pine, the lightest the three 
softwoods, gave identical results for both 
these angles. The 20° angle however 
proved much the better the 
two for Douglas-fir and southern pine. 


Contrary experience with hard- 
woods and with softwoods percent 
moisture content, softwoods per- 
cent gave much poorer results the 
and 10° cutting angles than higher 
ones. This reversal apparently due 
just one thing, much higher inci- 
dence fuzzy grain the low angles 
the material percent. 


Data the and 10° cutting 
angles were not obtained for carbide 
knives. far comparison with high- 
speed steel knives can made, how- 
ever, general trends for the hardwoods 
least appear parallel. 


Table illustrates how some machin- 
ing defects are much more affected than 
others changes cutting angles. 
the hardwoods percent moisture 
content, for instance, chipped 
creases from 1-percent incidence the 
cutting angle 25-percent incidence 
the 40° angle. With chip marks the 
same trend apparent, although 
less marked. With softwoods per- 
cent, substantial proportion the 
pieces show fuzzy grain the two lower 
cutting angles. the three higher 
angles this defect missing, prac- 
tically so. 


Specific Gravity Relation 
Quality Finish and Power Con- 
sumption: The species tested are ar- 
ranged order from lightest heaviest 
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Figure 10.—Effect cutting angies 
power consumed. (High-speed steel knives. 
feed rates and cutterhead speeds 
averaged.) 


table 10. Within this range density 
least relation between specific grav- 
ity and quality machining apparent. 
Good machining woods and relatively 
poor ones can found toward both 
extremes density, Power consumption 
and density show more consistent re- 
lationship. general trend the heav- 
ier require more power ma- 
chining than the lighter ones. But 
power consumption machining dif- 
ferent woods not always directly 
proportioned their specific gravity. 
Yellow poplar, for instance, requires 
more power machining than some 
heavier woods, such red gum and 
southern yellow pine. 


Effect Machining Factors 
Power Consumption 


certain amount power needed 
when the idling, that is, run- 
ning without any lumber passing through 
the machine. Additional power is, 
course, necessary for cutting and feed- 
ing when lumber actually being 
machined. 

All power-consumption figures this 
report, unless otherwise specified, refer 
power required for cutting and feed- 
ing and not total power which would 
include idling power. Under any given 
set ocnditions, cutting and feeding 
power offer better criterion species 
differences and the effect machin- 
ing factors than does total power. 


Table 10.—SPECIFIC GRAVITY RELATION 
QUALTY FINISH AND POWER 


CONSUMPTION 
Specific 
gravity Defect- Power 
test free con- 
Species samples! pieces? sumed 
Percent Kw.-hr. 
Pine, 0.40 2.2 
Yellow-poplar - -48 89 3.2 
2.3 
88 2.8 
Pine, southern yellew .54 52 2.8 
Birch, yellow -_ ee .63 74 3.3 
Oak, white__ = .65 92 3.5 


weight and volume test 

2Based on average of all feed-rate and cutterhead- 
speed combinations at 20° and 30° and 6 percent 
moisture content. 
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REVOLUTIONS PER MINUTE 


Figure 11.—Effect different combina- 
tions feed rates and cutterhead speeds 
power consumed. (Average 20° and 30° 
cutting angles, high-speed steel knives). 


Where the machine design similar 
problems are involved total power may 
what needed. Kilowatts can 
converted horsepower, desired, 
multiplying 1.34. 


Cutting Angle and Power Con- 
sumption: has already been 
shown, the better machining results were 
obtained with the smaller cutting angles. 
These better results were paid for, 
some extent, greater power consump- 
Figure shows that power re- 
quirements steadily decreased with in- 
creases the cutting angles. The 
cutting angle required over twice 
much power the 40° angle. This 
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Figure 12.—Effect different types 
knife power consumed (average 20° 
and 30° cutting angles, percent 
content). 


4,800 
REVOLUTIONS PER MINUTE 


equally true hardwoods percen: 
moisture content, softwoods per 
cent, and softwoods percent. The 
three curves parallel each other 
closely, hardwoods taking the 
power would expected from thei: 
higher density, followed the soft- 
woods percent and the softwoods 
percent, that order. 


Corresponding figures for carbide 
knives were obtained only the threc 
higher cutting angles. these angles 
the carbide knives took from 
percent more power than the 
knives. Aside from differences power 


Table 11.—CUTTING ANGLES AND POWER CONSUMPTION 


Power consumption at cutting angle of! 


Moisture - 
Species content 30° 40° Average 
Percent Kw.-hr. Kw.-hr. Kw.-hr. 
HIGH-SPEED STEEL KNIFE 
Maple, hard _- 6 8.1 5.8 4.4 4.1 3.2 5.3 
ee 6 7.4 5.0 3.5 3.5 2.6 4.4 
6 5.0 3.5 3.2 2.6 4.3 
7.0 4.9 3.3 3.1 2.4 4.1 
Pine, southern yellow_________- 5.8 4.2 2.9 2.7 1.8 3.5 
4.9 3.4 2.6 2.1 1.6 2.9 
Pine, 4.7 3.5 2.4 2.1 1.8 2.9 
Pine, southern 5.5 4.7 3.4 3.1 2.3 3.8 
5.3 4.4 3.0 2.6 2.0 3.5 
Pine, 5.4 3.8 3.0 2.4 1.9 3.1 
Average. 5.4 4.3 3.1 2.7 2.1 3.5 
CARBIDE KNIFE 
Maple, hard_-__- 6 6.0 4.6 4.1 4.9 
Oak, white________- 6 — 5.5 3.8 3.6 4.3 
Birch, yellow __- 6 5.3 3.6 3.7 4.2 
Yellow-poplar_____- 6 5.2 3.5 3.2 4.0 
Average____ 5.3 3.7 3.5 4.2 
Pine, southern yellow__________ 6 4.3 2.9 2.4 3.2 
Pine, ponderosa... . 6 ee 3.6 2.4 24 2:7 
3.9 2.6 2.2 2.9 
Pine, southern 20 4.9 3.2 3:9 3.7 
20 4.4 2.8 2.6 3.3 
Pine, 20 4.1 2.8 2.4 S.2 
feed-rate and cutterhead-speed combinations are averaged figures. 
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consumption, results for the two types 
knives were not dissimilar. 

Table gives results for both types 
knives some detail. 


Moisture Content and Power Con- 
sumption 


The following remarks apply only 
softwoods because hardwoods were 
tested only one moisture content. 

With the axe certainly easier 
chop green wood than dry wood the 
same species. With the molder using 
high-speed steel knives, however, the 
cent more power than the ones per- 
cent, the average. This difference 
was fairly consistent all cutting 
angles, shown figure 10. far 
the moisture content factor con- 
cerned, the carbide knives tell the same 
story the steel knives. 


Feed Rate, Cutterhead Speed, and 
Power Consumption: will re- 
called that the combinations the feed 
rate and cutterhead speed used this 
study had significant effect quality 
finish, Power requirements, however, 
increased steadily with increases feed 
rate and cutterhead speed. Increasing 
these rates from feet per minute and 
3,600 revolutions per minute 120 
feet per minute and 7,200 revolutions 
per minute, for instance, increased the 
power requirements about 21/, times. 
shown figure 11, which applies 
high-speed steel knives only, this rela- 
tionship holds good for hardwoods 
softwoods percent moisture con- 
tent. Parallel results were obtained when 
using carbide knives with the same 
classes test material. This shown 
table which gives data both 
types knives. 

The lowest the four lines figure 
shows the power required for idling. 
get the total power requirement this 
must added the power required 
for cutting and feeding. The data for 
high-speed steel knives show slight 
amount curvilinearity but not de- 
from the straight lines 


Type Knife and Power Con- 
sumption: The carbide knives ran 
consistently above the high-speed steel 
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Table 12.—FEED RATES, CUTTERHEAD SPEEDS, AND POWER CONSUMPTION 


Power consumption feed and speed of— 


Cutting 3,600 4,800 5,400 6,000 7,200 

HARDWOODS, PERCENT MOISTURE CONTENT 
High-speed 2.6 3.0 3.3 4.2 4.6 3.5 
High-speed steel_____._._- 30 pS 2.8 3.3 3.5 5.3 3.3 
High-speed Average 2.15 2.9 3.3 4.95 3.4 
3.2 4.9 5.5 6.4 5.4 
2.1 3.0 4.1 3.7 5.8 3.7 
Average 2.65 3.95 4.8 5.05 6.45 4.55 

SOFTWOODS, PERCENT MOISTURE CONTENT 
High-speed 1.8 2.3 2.4 3.1 3.5 2.6 
High-speed 1.9 2.4 2.9 4.0 2.4 
High-speed Average 1.45 2.1 2.4 3.0 3.75 2.5 
3.5 3.8 4.5 5.5 3.9 
1.5 2.2 2.7 2.6 4.0 2.6 
Average 1.85 2.85 3.25 3.55 4.75 3.25 

SOFTWOODS, PERCENT MOISTURE CONTENT 
High-speed 2.7 3.1 3.5 4.5 
High-speed 1.5 2.2 2.6 3.1 4:0 2.7 
High-speed Average 1.6 2.45 2.85 3.3 4.25 2.9 
2.7 4.1 4.4 5.1 6.1 4.5 
2.1 2.5 3.3 3.3 3.0 
Average 2.4 3.3 3.85 4.2 4.9 3.75 


knives power consumption under the 
same conditions. the aver- 
age, the carbide knives took 1/3 more 
power with hardwoods percent 
moisture content than the high-speed 
steel knives required, and more 
power with softwoods percent. This 
relationship summarized graphically 
figure 12. Table gives more de- 
tail including data for softwoods 
percent moisture content which tell sub- 
stantially the same story. 


Some General Suggestions for Im- 
proving Molder Work 


Faulty work with the molder often 
due dull knives, loose bearings, 
lack proper mechanical adjustment. 
But quite possible get poor work 
when all these things are right. then 
becomes necessary look farther for 
the source the trouble. such cases 
the following suggestions resulting from 
this study may prove helpful. rec- 
ognized, course, that, for one reason 
another, will not always prac- 
tical follow them. 


(1) the quality finish poor 
knife cuts per inch, adjust the 
feed rate cutterhead speed 
get least knife cuts. This can 
computed from the following formula: 


Feed rate inches per minute 


This the theoretical number knife 
cuts per inch. all knives are cutting, 
should agree with the actual number 
determined examining sample 
work. all knives are not cutting 
uniformly, little jointing the head 
will necessary make them so. 

(2) When the knives are jointed 
the head, keep close watch the 
lands, jointed portion the edges. 
The lands form part the cutting 
and have clearance. they are 
allowed get too wide result 
repeated jointing operations, the quality 
the finish begins suffer. When this 
happens time consider the 
regrinding the knives. 

(3) Make the finishing cut the 
face the work just shallow prac- 
tical, preferably not more than 1/16 
inch. This, course, applies plane 
surfaces, not patterns. Sometimes 
preliminary roughing cut followed 
shallow finishing cut practical. 

(4) the amount chipped grain 
excessive, reduce the cutting angle 
the knives 10° least. This 
duces more scraping action and reduces 
chipping. 

(5) For minimum raised fuzzy 
use drier lumber just far 
Twenty percent moisture con- 
tent definitely too high for the best 
results with these defects. 


No. knife cuts 
per inch 
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Wood Machining Research With High Speed 


Motion Pictures 
ROBERT HOYLE, 


Department Forest Utilization 


and 


WILFRED COTE, 


Department Wood Technology, State University New York College Forestry, 


Syracuse, New York 


The cutting action many woodworking machine tools occurs 
such high speed that visual observation chip formation with 
the unaided eye impossible. Recent wood machining research 
using high-speed motion pictures reveals chip formation phenomena 
they actually take place. Other uses for this research tool are 
suggested visual aid education and study design features 
woodworking machines. High speed motion picture equipment and 


methods are described. 


Introduction 


WAYS WHICH chips are 
formed woodworking tools are 
basically important developing 
science wood machining. Variabil- 
ity the structure wood, both be- 
tween and within species, complicates 
research this field. The influences 
knife cutting angles, depths cut, 
wood moisture content, density, and 
configuration the grain, upon the 

uality machined surfaces have been 
established for many species. Some 
species react machining manner 


charge wood machining research 
State University New York College 
Forestry. 


Providing special assistance with high speed 
motion picture methods. 
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inconsistent with the general theory. 
Further studies chip formation 
should explain these inconsistencies. 
The establishment universally ap- 
plicable basic laws for wood machining 
will great value designers and 
users woodworking machines and 
tools. The substantial body knowl- 
edge already available can then en- 
larged and used with greater confidence 
solve wood machining problems 
the day. 

Optimum cutting angles and feed 
speeds have been based 
the collected experiences wood- 
workers well the research efforts 
scientists. The best results often 
admit certain percentage defective 
pieces. unlikely that the basic vari- 
ability the material, wood, will 
eliminated, and changes machinery 
and tool designs may necessary 
improve the quality work turned out 
some wood cutting processes. Tech- 
niques such down-cutting with the 
cutting tool and work traveling the 
same direction, 
chipbreakers capable very close and 
accurate adjustment, and single knife 
cutterheads operating high speeds, 
are hardly new ideas, but their work- 
ability for some applications will bear 
considerably more experimental atten- 
tion. These investigations should bring 
forth hitherto untried approaches 
the problems. 


Current Wood Machining Research 


During the past year large number 
wood machining tests have been 
made, and cutting action has been 
recorded with high-speed 
tures. The interest expressed per- 


sons who have viewed these pictures, 
and that others who have some 
knowledge the application high 
speed photography other fields 
research, has prompted 
tion this paper. more the 
final report completed project. 


The experimental work conducted 
the College Forestry has been 
lems. Studies have also been made 
show the cutting action circular 
saws, chain saws, boring tools, and 
turning operations with hand tools 
extend this work show the cutting 
action automatic lathes, tenoners, 
moulders, and other types wood- 
working machines. organized 
search study has been started chip 
formation, with straight knives. Pic- 
tures the other machining operations 
have been made study the field 
application for high speed motion pic- 
tures wood machining research. 

heavy duty hand 
equipped with positive, variable- 
speed, feed mechanism has been used 
for the knife cutting research. This 
provides continuously variable range 
feed speeds from 37.5 120 feet 
per minute. The cutting circle dia- 


equipment set photograph the cutting 
action straight knives rotating cutter- 
head. 
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Figure 2.—Formation the torn-grain 
defect black cherry six percent moisture 
content, 30-degree cutting angle, 1/16-inch 
depth cut, and knife marks per inch. 


meter 4.5 inches, and there are 
three 16-inch knives cutterhead 
cylinder operating 3600 rpm. Mark- 
ings from 7.5 knife marks per 
inch are possible with all knives 
jointed. Fig. shows typical test 
set-up. 


High Speed Motion Pictures 


High-speed motion picture photog- 
raphy has been used many fields 
for number years. has 
found its widest use the study and 
analysis high-speed action engi- 
neering, metallurgy, chemistry, and 
such specialized studies atomic bomb 
blasts. our knowledge there has 
been published work involving the 
machining wood which high- 
motion picture photography was 
used. 


The principle high-speed movies 
essentially the same slow-mot’on 
photography. The action studied 
mal speed and then projected the 
screen the standard rate pic- 
per second. The distinction lies 
the rate which the photographs 
taken. Slow-motion ath- 
events are generally taken 
frames per second. The term 
high-speed” usually applied only 
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Figure 3.—Splitting type chip forma- 
tion without the torn-grain defect, black 
cherry six percent moisture content, 30- 
degree cutting angle, 5/32-inch depth 
cut, and knife marks per inch. 


speeds exceeding 
1,000 frames per second. 


The purpose using high-speed 
motion pictures study such the 
machining wood slow down 
rapid action that the eye can follow 
some particular phase the operation. 
The extent which action must 
slowed down depends upon the nature 
and speed the movement. The speed 
the action can determined mathe- 
matically many cases. Trial expo- 
sures camera speeds based upon 
these determinations precede final runs. 
The pictures which were taken con- 
nection with this study required expo- 
sure rates ranging from 5,000 
more than 15,000 frames per second. 
When these films are projected 
frames per second, stretching time 
achieved. Action which lasts one- 
fifth second can studied criti- 
cally the movie screen for long 
3-minutes. Time has been magnified 
nearly thousandfold. 

Other high-speed photographic tech- 
niques have been used attempts 
the action the machining 
wood. Chief among these 
method reported Patronsky? 
which photograph taken with 


1953. Knife Cutting Prob- 
lems. Jour. F.P.R.S. Vol. III, No. pp. 15-19. 


Figure 4.—Chip formation 10-degree 
cutting angle northern white pine, six per- 
cent moisture content, 1/16-inch depth 
cut, and knife marks per inch. 


high-speed electronic flash. The 
flash emitted from 
discharge tube. very high in- 
tensity and very short duration, and, 
when properly synchronized with the 
action studied, effectively 
motion. Pictures made this way are 
usually clear and sharp, but represent 
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Figure marks black cherry 
machined six percent moisture content, 
30-degree cutting angle, 1/16-inch depth 
cut, and knife marks per inch. (2X) 
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chip which became attached the knife 
edge, machining black cherry six per- 
cent moisture content, 30-degree cutting 
angle, 5/32-inch depth cut, and knife 
marks per inch. 


only one fractional part second 
action. What happens before this split- 
second, and after it, frequently 
just great interest. 

High speed motion picture photog- 
raphy this requirement 
providing continuity action. Some 
sacrifice must made, however, in- 
dividual frames the movie film are 
reproduced they are this 

aper. Due the inherent character- 

istics the optics used high speed 
motion picture cameras, there some 
loss detail. This loss not apparent 
the movie screen because the in- 
dividual frames are not viewed for 
long enough period, but when en- 
larged for critical close-up viewing 
size that suitable for study 
publication, obvious. was felt 
that the advantages high-speed 
motion pictures far outweighed the 
disadvantages, was the method 
chosen for this series studies. 


Description Photographic 
Equipment 

The 8-mm. model the Wollen- 
sack Fastax high-speed motion picture 
camera was making these 
wood-machining studies. Exposure 
second can attained with this 
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Figure 7.—Formation continuous 
ribbon-like chip, shaving, machining 
northern white pine percent moisture 
content, 30-degree cutting angle, 1/16-inch 
depth cut, and knife marks per inch. 


camera, and with the use accessory 
timing equipment, rates 


pictures per second are possible. The 


special timing equipment was used only 
the study circular saws the 
other operations did not require such 
high speeds. 

high light intensity necessary, 
particularly the higher picture-tak- 
ing Adequate lighting was pro- 
vided focusing water-cooled spot- 
lights and special reflector lamps de- 
signed for intermittent use. expo- 
sure meter specially designed for meas- 
uring high intensity incident light was 
used guide determining correct 
exposures. 


Review Basic Machining Defects 


Four types machining defects 
directly attributable conditions sur- 
rounding chip formation are: torn 
grain, fuzzy woolly grain, chip 
mark bruises, and raised 


Harris, 1946. Handbook Woodcut- 
ting. Department Scientific and_ Industrial 
Research, Forest Products Research Laboratory, 
Great Britain. 

Eero. 1950. Cutting 
Woodworking. The State Institute for Technical 
Research, Helsinki, Finland. 


Hyler, John Mar. 15, 1950. Woodworking 
Knife and Cutterhead Applications. Southern 
Lumberman. Vol. 184, No. 2358, pp. 55-58. 

Davis, E..M. 1942. Machining and Related 
Characteristics Southern Hardwoods. U.S.D.A. 
Technical Bulletin No. 824. 


Figure 8.—Chips formed the down- 
cutting principle northern white pine 
six percent moisture content, 30-degree cut- 
ting angle, 3/32-inch depth cut, and 
hand fed approximately knife marks 
per inch. 


Torn grain appears when chips, 
formed splitting the wood along 
the grain and subsequent breaking 
across the grain, follow the grain 
direction and break off below the level 
the machined surface. Torn grain 
induced large cutting angles, 
large depths cut, high feed speeds, 


and low moisture content. 


Fuzzy grain formed when the 
fibers are not cleanly severed the 
first portion each cut. They appear 
stretched pulled from the sur- 
face, bent over and cut obliquely, 
leaving filaments wood projecting 
above the machined surface. Fuzzy 
grain aggravated small cutting 
angles, small depths cut, low feed 
speeds, dull knives, and high 
moisture content. This defect less 
troublesome when sharp knife 
used peripheral speeds above 5,000 
feet per minute. 

Chipmarks appear depressions 
bruises machined surface. They 
may 1/32 inch deep microscop- 
ically shallow. Causes this defect 
have not been completely explained; 
however, low exhaust suction fre- 
quently fault. The defect may occur 
when the exhaust suction adequate. 
Chips may curl over the tips 
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brad-point machine bit, when boring black 


cherry 4.5 percent moisture content, 600 
rpm. 


Figure 9.—Cutting action 


knives and carried into the succeed- 
ing cuts. some instances groups 
wood fibers the ends chips be- 
come affixed the knife edges. 
machining wood which the grain 
slopes out the piece the direc- 
tion knife movement, partially cut 
chips may shear parallel the grain 
just beyond the knife tip. These chips 
frequently remain the knife and 
cause chipmarks, Chipmarks are some 
times eliminated increasing the 
depth cut, increasing the feed speed, 
reducing the wood moisture con- 
tent. Density appears have con- 
sistent influence this defect. 
softwoods. 

Raised grain appears two dif- 
ferent forms. one form the summer- 
wood raised above the springwood, 
and the other the springwood 
raised above the summerwood. the 
first-mentioned form, separations be- 
tween summerwood 
sometimes occur. The defect most 
likely develop species which 
there considerable difference den- 
sity summerwood and springwood. 
The summerwood impressed into 
the low density springwood the 
pressure the feed rolls, the pressure 
bar, the knives. After machining 
the summerwood recovers more than 
the springwood. Cleavage sometimes 
occurs between the summerwood and 
failures the springwood. The defect 
increased dull knives knives 
with wide jointing heels, heavy pres- 
sure bar force, low feed speeds, low 
depths cut, and flat-grained lumber. 
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The second form raised grain, 
characterized the summerwood 
being depressed lower than the spring- 
wood, appears some species high 
moisture content. has observed 
basswood (Tilia americana L.) 
percent moisture content. seems 
affected primarily moisture 
content and not problem when 
surfacing dry wood. This form 
raised grain occurs species which 
and summerwood den- 
sities are similar. mentioned before, 
some inconsistencies the relation- 
ships between the defects and their 
causes exist between species and are 
not satisfactorily explained. 


Machining Characteristics Observed 
High-Speed Motion Pictures 


The relationship between cutting 
force and cutting angle has been de- 
scribed The cutting force 
exerted knife may considered 
have two components. The main 
cutting force tangential the cut- 
ting other component, called 
the thrust force, acts radial direc- 
tion. Kivimaa has shown that the main 
cutting force increases the cutting 
angle decreased. The thrust force, 
directed toward the cutterhead axis 
large cutting angles, diminishes the 
cutting angle reduced. becomes 
zero some angle near ten degrees, 
and becomes negative cutting angles 
below ten degrees. These results are 
helpful understanding why the 
less severely torn small 
cutting angles than large ones. 
also explains how the wood could 
compressed knives set small cut- 
ting angles, giving rise fuzzy grain 
and raised grain defects. Evidence 
support these results appears some 
the high-speed motion pictures. 

series pictures showing chip 
formation jointer knives with 
degree cutting angles, splitting parallel 
the grain followed failure 
the chip bending was depicted. This 
type chip formation leads the 
slopes into the wood the direction 
knife movement. Figure en- 
larged from 8-mm motion picture 
film. shows the formation torn 
grain black cherry, (Prunus serotina 
Ehrh.), six percent moisture con- 
tent. 

The same type chip formation has 
been recorded the high speed 
camera when machining sugar maple 


birch (Betula lutea 
wood, black walnut (Juglans nigra 
L.), northern white pine (Pinus stro- 
bus L.), white ash amer- 
and red oak (Quercus 
When the grain 
was parallel the surface the wood, 


sloped out the wood the direc- 
tion knife movement, chips were 
broken off the area the wood 
removed the cuts that followed, 
and the torn grain defect did not 
appear. 

This type chip formation, i.e., 
splitting parallél the grain and 
failure bending, appears nor- 
mal cutting angles degrees, 
feed rates producing from 7.5 
knife marks per inch, and the 
moisture content range per- 
cent. These are the conditions covered 
the tests made the College 
Forestry Syracuse. (See Figure 3). 


Pictures northern white pine, 
sugar maple, yellow birch 
wood machined degree cutting 
angle and six percent moisture content, 
showed variation this type chip 
formation that reflected the cutting 
force changes described Kivimaa. 
The chips were split off similar 
way but did not extend far along 
the grain. The chips then failed 
bending possibly combination 
bending and compression parallel 
the grain. These chips are less likely 
cause torn grain than those formed 
with degree cutting angle the 
knife. This type chip formation 
illustrated Figure 


Several causes chip marks were 
recorded the high speed camera. 
machining black cherry jointer, 
chip marks were developed shown 
Figure High speed motion pic- 
tures showed that chips were becom- 
ing attached the knife edges and 
were carried around the cutterhead, 
where they interfered with the next 
cut made the knife. Figure en- 
larged from frames the motion pic- 
ture, shows this phenomenon. 


The deflection small chips into 
the path the knives the leading 
edge the infeed table was observed. 
These chips interfered with cutting and 
caused chip marks. This implies the 
need for thin infeed table lip, 
chipbreaker. Undetached 
ments, which were observed clinging 
the surface the cut, are another 
possible cause chip marks. was 
noted that greater spacing betweén the 
knife tips and the curved surface 
the gibs (also called chipbreaker) 
would probably allow the chips clear 
the infeed table lip more readily. 


machining northern white pine 
percent moisture content, with 
degree cutting angle the knives, 
the chips were formed with little 
splitting. The chips appeared 
severed rather cleanly along the path 
the knife tip, continuous rib- 
bon. Some splitting occasionally de- 
veloped the last stages chip for- 
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mation but this was too far from the 
machined surface harmful. 
chip this type shown Figure 


The down-cutting principle, seen 
high-speed motion pictures, ap- 
peared very superior the con- 
ventional method machining, with 
regard clean chip removal. 
splitting developed when machining 
northern white pine six percent 
moisture content. Chips northern 
white pine six percent moisture con- 
tent were deflected the curved sur- 
face the gibs, formed curled shav- 
ing, and passed the the infeed 
table without interference. (Figure 
shows this form cutting action.) 
Further study this method cut- 
ting, using other species wood 
variety moisture contents, cutting 
angles, feed cutterhead speeds, 
and slopes grain, planned. 


Frames from series pictures 
cut-control saw show that with hand 
feeding the saw efficiently removes 
material feed speed feet per 
minute. Chip formation 
brad point machine bit operating 
600 rpm. illustrated Figure 


Pictures have been made showing 
the cutting action various types 
chain saw teeth. The chain saw oper- 
ates relatively low speed, compared 
the peripheral speed sixteen- 
inch circular saw 3,600 rpm. 
arbor, and quite easy photograph. 
The circular saw, however, presents 
one the more difficult subjects 
photograph, particularly there 
large number teeth the saw. The 
peripheral speed such saw 
15,000 feet per minute. Photographs 
16-inch diameter, saw 
made exposures 14,300 frames 
per second were useful studying 
cutting action. Higher exposure rates 
will provide more satisfactory results 
for sawing studics this peripheral 


speed. 


Conclusions 


The experience date the Col- 
lege Forestry laboratories shows that 
chip formation theories can studied 
effectively with high-speed motion pic- 
tures. Considerable preliminary work 
develop information lighting and 


exposure problems has been accom- 
plished. 


The design test set-ups permit 
observation cutting action without 
interfering wih normal cutting condi- 
tions considerable importance for 
saws, boring tools, and other tools 
whose cutting edges are normally hid- 
den from view. 
these problems can worked out but 
will require more time and effort 
the part the investigator. 


Greater magnification will 
clear useful pictures showing the 
greater detail. Further attention will 
given this feature the research 
during the coming year. 


The work reveals other possible use- 
ful applications for high-speed motion 
pictures. They have been used class- 
room work the College explain 
lieved that comprehensive study 
many woodworking 
the variety cutting techniques use 
today would very useful visual 
aid education. High speed motion 
pictures can used observe the 
effectiveness new woodworking ma- 
chinery design features. 


Discussion 


James Crawner (The Marble 
Chair Company): was stated that 
chipmarks were sometimes caused 
poor blower system. What are the 
other causes? appeared the picture 
this defect that was the same knife 
each time that was picking the chip. 
there some condition the knife 
that responsible? 

Mr. Hoyle: There are several known 
causes chipmarks. 


Insufficient exhaust air may permit 
chips carried around the cutter- 
head rotating current turbulent 
Exhaust systems should draw 
enough air over the head prevent 
trapping chips this way. 

The chips may become attached 
the knife edges mechanically. Small, 
lightweight chips, produced when 
taking very light cuts may have wooley 
curled fibers which hook them 
the knife edges. 

our picture flat, uncurled chip 
appears attached the knife 
edge. Apparently this chip held 
the knife small fibers, not visible 
the picture, electro-static forces. 

Chipmarks may occur when nicks 
knife tear fibers instead severing 
them. These fibers may hook chip 
the edge may adhere themselves, 
causing small chipmark, surface 
fleck. 

chips are firm, curled and long, 
they will usually fly free the knives 
centrifugal force. There are opti- 
mum cutting angles for producing such 
chips. These angles depend wood 
species and moisture content. Generally 
reduction cutting angle will reduce 
the frequency chip mark formation. 

Small clearance angles may cause 
compression chips under the back 
the knife causing large defects, whereas 
use larger clearance angle would 
have avoided compression the chip 
and produced only minor defect 
none all. 

Chip weight can increased use 
higher feed speeds depths cut, 
throw the chips from the knives. 

There are complex factors respon- 
sible for this defect which have not 
been fully explained. The exact cause 
specific occurrence often hard 
determine. 

The chips shown the motion pic- 
ture not always cling the same 
knife, although they may have done 
the film strip exhibited here. 
not believe condition 
responsible this instance. 
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Machining Wood With Coated Abrasives 


NORMAN FRANZ and EDWARD HINKEN 


Instructor, Department Wood Technology, and Research Assistant, Engineering Research Institute, 


University Michigan, Ann Arbor, Michigan 


secure objective data the fundamental concepts machin- 
ing wood with coated abrasives, The Carborundum Company estab- 
lished research project the University Michigan’s Wood Tech- 
nology Laboratory. The results some investigations the factors 
controllable the users abrasive products are presented below. 
Included are the effects platen pressure, belt velocity, length 
contact area, dressing belts, moisture content and wood species. 


Introduction 


THE successful applica- 
tion coated abrasives the 
woodworking industry working 
knowledge the variables which in- 
fluence the operational characteristics 
these materials. important dis- 
tinction must made between those 
factors which apply the abrasive and 
those which apply its application, 
the latter factor obviously controlled 
the user. For this reason much 
their use has been primarily based 
the knowledge gained through experi- 

add this information research 
project was established the Car- 
borundum Company, Niagara Falls, 
New York, the Wood Technology 
Laboratory the University Michi- 
gan, secure objective data 
the fundamental concepts ma- 
chining wood with coated abrasives. 
From this research some the basic 
relationships abrasive machining 
wood have been developed. the 
purpose this paper cite the in- 
fluence several factors the appli- 
cation coated abrasives when used 
machine wood. 


Equipment and Methods 


standard horizontal belt sander 
was modified for use this study, 
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shown Figure The original table 
has been replaced channel iron 
which mounted hold-down de- 
vice for securing wood specimens dur- 
ing machining. oscillating mecha- 
nism connected this unit pro- 
vide reciprocating motion the work 
piece. Platen pressures are held con- 
stant any desired level means 
balance system. The platen steel 
with ground surfaces, and 
aligning. Belt velocities are accurately 
controlled over wide range use 
continuously variable frequency con- 
verter. 

Wood specimens for machining each 
consist aggregate eleven sam- 
ples randomly selected from the avail- 
able lumber source. this way uncon- 
trollable variables tend average out 
and give more representative estimate 
the population. Moisture content 
the wood held uniform means 
constant temperature and humidity reg- 
ulation. During machining, wood speci- 
mens are handled pairs. Each 
sanded for given length time 
the established conditions while the 
other weighed determine the 
amount material removed during the 


previous interim and examined for sur- 
face characteristics. Intermittent obser- 
vations are made during machining 
determine surface temperatures. This 
accomplished through use standard 
Tempilstiks. Power requirements for 
sanding various conditions are deter- 
mined with recording wattmeter. 


Effects Pressure 


This series studies was designed 
reveal the effect platen pressure 
belt life, wood surface temperature, 
power and surface quality. the basis 
preliminary experiments, all machin- 
ing this phase was done parallel 
the grain hard maple the oven- 
dry condition. The abrasive belts used 
were close coat garnet paper back- 
ing with animal glue bond. Three 
grit sizes were included: (1/0), 120 
(3/0), and 180 (5/0). Belt velocity 
remained constant 5,000 surface feet 
per minute, while platen pressures var- 
ied from 0.4 1.6 pounds per square 
inch. From data showing the weight 
material removed from the wood speci- 
mens given period time, the 
minute was computed for each interval. 
Plotting these values for each set 
conditions over running time obtains the 
family curves shown Figures 
and will noted that the curves 
shown representing the data for the 5/0 
garnet abrasive belt are essentially sim- 
ilar and indicate smooth increase 
the rate material removal 


Figure 
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SIDE GRAIN 


RATE OF MATERIAL REMOVAL -GRAMS/ MIN. 


sure increased. The curves for 3/0 
and 1/0 grit sizes tend follow the 
same trend the lower pressures, but 
creases. The explanation the reversal 
trend becomes apparent when other 
recorded data are considered. Figure 
shows plot wood surface tempera- 
ture with respect platen pressure for 
the three grit sizes studied. will 
noted that temperatures during machin- 
ing extend well into the range where 
wood substance plasticizes and charring 
occurs. Observations belt condition 
reveal that loading the abrasive sur- 
face with wood fragments signifi- 
cantly increased working tempera- 
tures rise, Thus may concluded that 
the case the coarser grit sizes, 
point results excessive temperatures 
which turn contribute loading 
the belt. The loading then prevents the 
abrasive from cutting full capacity. 


Effect Belt Velocity 


the woodworking industry garnet 
commonly used belt speeds from 
2,500 5,000 surface feet per minute, 
while aluminum oxide normally 
found use speeds excess 
4,000 feet per minute. Investigations 
the reasons for the selection these 
operational ranges shows little factual 
basis for the practice. attempt 
determine the validity current 


1/0 GARNET 240 INCH BELT 
SIOE GRAIN HARD MAPLE L*4iN. 
VELOCITY OF BELT = 5000 FPM 


RATE OF MATERIAL REMOVAL - GRAMS / MIM 
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RUNNING TIME - MINUTES 


5/0 GARNET 240 INCH BELT 
HARD MAPLE L=4 IN. 
VELOCITY OF BELT = 5000 FPM 
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field practice, study the behavior 
the two abrasive materials was made. 
Using grit size 120 (3/0) with 
platen pressure 0.8 pounds per 
square inch, belts aluminum oxide 
and garnet were used velocities 
ranging from 2,340 10,000 surface 
feet per minute. 


order compare directly the re- 
sults machining these various 
speeds, necessary first resolve 
the data common level. the 
velocity the belt increased, the dis- 
tance the belt travels contact with 
the wood surface given time 
proportionately increased. Here, the 
running time data for the belts was 


where 
5,000 


the velocity the belt consid- 
ered. The adjusted data are plotted 
Figures and can seen that 
the general pattern developed the 
pressure study again present. The rate 
material removal tends increase 
speed increases, would expected. 
However, critical speed reached 
where this trend reverses. can seen 
Figure excessive working tempera- 
tures are encountered high speeds, 
causing rapid loading the abrasive 
surface. 


adjusted the factor 


particular interest the observa- 
tion that aluminum oxide and garnet 
have approximately the 
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RATE OF MATERIAL REMOVAL 


FIG. 3 
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BELT LENGTH 240 INCHES 
CONTACT LENGTH INCHES 
CLOSE COAT GARNET 


rate material removal, but that the 
rate drops more rapidly the case 
garnet and the comparable aluminum 
oxide belt soon cutting roughly twice 
fast. This appears contradict the 
popular belief that garnet the better 
material low speeds. The basis for 
the current practice using garnet 
where belt velocities are below 5,000 
surface feet per minute and aluminum 
oxide above that speed seems the 
assumption that there substantial 
amount fracturing abrasive parti- 
cles during machining. reasoned 


#46. 6 
3/0 GARNET 240 INCH BELT | 
GRAIN HARD MAPLE L=4 
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that low speeds garnet fractures 
such rate that new, sharp cutting 
points are constantly produced, while 
tougher aluminum oxide grits not 
fracture easily enough give this effect. 
Similarly, reasoned that high 
velocities the garnet grits will fracture 
too easily under the increased load and 
cause too rapid breakdown, thus alumi- 
num oxide preferred. While the 
above based years practical 
experience and cannot entirely dis- 
regarded, notable that the course 
many carefully controlled laboratory 
studies evidence has been found 
indicate there any appreciable frac- 
turing garnet aluminum oxide 
abrasive particles. all cases through- 
out the wide range machining condi- 
tions studied, the grit particles were 
found deteriorate abrasion. 


Effect Dressing 


brief investigation the poten- 
tialities dressing abrasive belts 
manner similar that commonly used 
for grinding wheels was prompted 
the observation that the grit particles 
become dull from abrasion rather than 
fracturing commonly supposed. 
was thought that using silicon 
carbide stick for dressing the worn 
abrasive surface, the dull grits might 
fractured knocked free from the 
belt. Several belts aluminum oxide 
and garnet were used until their cutting 
rates were reduced point where 
ordinarily they would discarded. 
Then the surfaces were lightly dressed 
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3/0 ALUMINUM OXIDE 240 IN. BELT 
SIDE GRAIN HARD MAPLE L:=4”* 
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and the cutting rates again checked and 
the difference noted. was found that 
after dressing, the cutting rates terms 
the grams material removed 
minute, had increased very markedly 
The improvement the belts was such 
that rate removal approaching that 
the new belt was obtained. With use, 
however, the rate decreased rapidly 
the value before dressing. Subsequent 
dressings had similar but lessened 
effect. While the benefits lightly 
dressing abrasive belts are best tempo- 
rary, appears that many cases the 
useful life belt can extended 
tioned that excessive dressing very 
detrimental the cutting life coated 
abrasives. 


Effect Length Contact Area 


limited study the effect con- 
tact area length has been carried out. 
the length the contact 
area analogous platen length. 

The clearance for chips during the 
interval when portion abrasive 
belt under platen pressure 
necessity relatively small. quite 
conceivable that when the platen 
the abrasive surface, under pressure, may 
become choked with wood particles. 
this the case, then the wood waste may 
support much the platen pressure 
that intended applied the 
grits. This could reduce the cutting 
efficiency the belt and perhaps en- 
courage loading the abrasive surface. 
determine the effect contact area 
length, garnet abrasive belts grit size 
120 (3/0), were used constant platen 
pressure 0.6 psi. and velocity 5,000 
fpm. The length the contact area 
varied from inches. determin- 
ing the rate material removal from 
this study, was necessary adjust 
data compensate for variations 
the length time given portion 
the belt was contact with the work 
piece. The corrected data could then 
plotted provide direct comparison 
the results obtained. was found that 
for lengths inches and over, the rates 
material removal were essentially 
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identical when plotted against time. 
When the length the contact area 
was reduced inches, however, the 
rate material removal was substan- 
tially increased. This effect became more 
pronounced belt wear progressed. 


Surface temperatures during machin- 
ing were found vary with contact 
length. The values observed were 225, 
250, 275, and 275 degrees for 
respectively. Loading the abrasive 
belt appeared decrease contact 
length was shortened, and glazing 
the wood surface was less severe. From 
this would seem that minimum sur- 
face heat would developed very 
short contact length, such obtained 
with drum contact wheel, assuming 
other conditions remain constant. 


Species and Moisture Content 


generally recognized among users 
coated abrasives that different species 
will affect the performance and cutting 
life abrasive belt. Each species 
varies its properties and offers 
ent resistances the forces tending 
abrade them. addition, the moisture 
content the wood considerable 
importance the performance 
abrasive belt. 


removal over running time for three 
species: Honduras mahogany, black 
cherry and northern red oak, per- 
cent moisture content. Close-coated ani- 
mal glue-bonded garnet belts were used 
velocity 5,000 SFPM and 0.4 
psi. platen pressure. 


The relationship curves 
appears associated large extent 
with the density the species involved, 
resistance indentation dependent 
primarily this factor. That the less 
dense species, mahogany, abraded 
higher level indicative the in- 
creased chip load per grit due the 
greater depth penetration the grit 
particles. 


significant interest the slope 
these curves. After approximately 
minutes running time the curves are very 
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EFFECT OF MOISTURE ON RATE OF MATERIAL 
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nearly identical slope, indicating the 
cutting capacity the belt decreasing 
approximately the same rate for the 
three species shown. Where loading 
not factor loss cutting capacity 
primarily can attributed grit wear. 
evident from these curves that grit 
wear proceeding approximately the 
same rate regardless species rela- 
tive density. This can explained when 
considered that the density wood 
substance, that is, the material which 
makes the walls the wood con- 
stituents practically the same for all 
species. Disregarding organic 
ganic infiltration products, one wood 
will weigh more less than another 
given moisture content depending 
the relative volume wood substance 
and voids. Hence, abrading wood, the 
actual wear the abrasive the result 
the abrasion the grits the wood 
substance comprising the cell walls and 
cannot correlated with relative 
density one might imagine. How- 
ever, explained previously, relative 
density controls the greatest extent 
the penetration the grit particles. 
Thus for any given set conditions, 
larger chip will formed with the 
less dense species, giving higher rate 
material removal. recognized 
that other wood factors, mineral 
deposits and resin accumulations, will 
influence the relative cutting life 
abrasive. These factors must taken 
into consideration when appraising the 
cutting efficiency coated abrasive. 

Sanding temperatures were somewhat 
lower for the less dense species than 
for the denser specics shown. However, 
for the range investigated the slight 
difference was not considered 
significant. 

Figures and are plot the 
effect moisture content the rate 
material removal for two species, 
Honduras mahogany and black cherry, 
sanded and percent moisture 
content with animal 
glue-bonded garnet abrasive 5,000 
SFPM and 0.4 psi. platen pressure. 

The levels these curves are un- 
doubtedly controlled the moisture 
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content the stock, being the greatest 
for the higher moisture content. This 
indicative the reduction density 
and strength properties which accom- 
panies increase moisture content. 
The slopes the curves for the two 
species shown the various moisture 
contents are again very nearly identical. 
From this may assumed that mois- 
ture content does not influence rate 
grit wear 


Sanding temperatures were slightly 
lower for the higher moisture contents, 
but before, the temperatures devel- 
oped between the various moisture 
content levels were not considered 
significantly different. 


Cupping the abrasive belts showed 
pronounced increase the moisture 
content the stock being sanded was 
increased, This due the 
absorption moisture the adhesive 
the swelling stresses imposed upon the 
adhesive are greater than those caused 
the paper the belt will tend cup 
toward the backing. The greater the 
degree moisture absorption the 
adhesive, the greater the resulting belt 
cup. Aiding this the shrinkage the 
backing that may occur due moisture 

eing driven from the paper result 
the frictional heat generated through 
contact with the platen. Reverse cupping 
cupping towards the adhesive will 
take place the magnitudes these 
stresses are for some reason reversed. 


Conclusions 


would appear from the results 
this investigation that the life 
abrasive belt governed two princi- 
pal factors; the abrasion resistance 
the grit particles, and the loading the 
belt. The former characteristic the 
abrasive material alone, while the latter 
dependent the structure the 
abrasive belt, the conditions machin- 
ing, and the wood being machined. 


Loading abrasive belts seems 
primarily dependent surface 
temperature developed the work 


EFFECT OF MOISTURE CONTENT ON RATE OF 
MATERIAL REMOVAL FOR CHERRY. CLOSE-COAT 
GARNET AT 5000 SFPM AND 04 PS! 
PLATEN PRESSURE 


piece. working temperatures reach 
the range where wood plasticizes and 
begins scorch, loading 
rapidly. Pressure, belt velocity, 
contact area, grit size, and belt struc 
ture are among the factors that 
the amount heat Loading 
also influenced certain species 
acteristics such the resin contained 
some woods. 


The use contact wheels 
than long platen surfaces drums 
suggested where Short contact 
areas appear reduce machining tem- 
peratures and permit higher rates 
material removal. Glazing the work 
surface seems less severe when 
short contact areas are employed. 
contact sanding where belt wear 
distributed over greater area than 
the case with drum sanding due 
creased belt length the ratio operating 
time down time would considera- 
bly improved. 


Dressing abrasive belts much the 
same manner grinding wheels de- 
serves consideration. Limited investiga- 
tion showed that greatly increased rates 
material removal followed dressing 
worn belts with 
stick. Reduction wood surface glaze 
accompanied dressing. 


High surface temperatures, resulting 
from excessive pressure extreme 
velocities, can accelerate the deteriora- 
belt and destroy its efficiency matter 
seconds through improper control 
conditions. 


The effect species belt 
seems controlled the actual 
wood substance and not relative 
density, although the latter determines 
thereby limiting the rate material 
removal. 


The rate material removal increases 
moisture content increases given 
pressure reason the reduction 
resistance penetration the 
particles. 
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TECHNICAL SESSION IV—Thurs., May 1954, 1:30 P.M. 


Subject: Wood Drying 


Chairman: Raymond Rietz 


Recorder: Howard Rosenberry 


Improving the Thermal Efficiency Dry Kilns 


ROBERT HOYLE, Jr. 


Research Assistant, College Forestry, State University New York, Syracuse, New 


The importance good vent control and the feasibility 
recovering heat from the vented air dry kilns are discussed. The 
heat consumption compartment-type kilns with poor vent control 
was found exceed twice that kilns with well designed auto- 
matic vent controls. Heat recovery systems may effect savings 
percent the heat consumed. 


CRAP WOOD, increasing num- 

ber woodworking plants 
longer finds its most profitable use 
fuel. The result increasing use 
coal, oil, natural gas the plant 
boilers—either full 
increasing need scrutinize the cost 
fuels and the possibilities conserv- 
ing heat. 


Why Reduce Heating Costs? 


Many the older dry kilns use 
today waste much heat. The purpose 
this paper show how wasteful 
heat such dry kilns can be, and 
suggest ways improving their 
ciency. Modern dry kilns, which em- 
ploy forced air circulation and auto- 
matic temperature and humidity con- 
trol systems, are, course, highly 
efficient when compared the older 
kilns. 


Investigations have shown that fuel 
costs associated with drying 
Mb.m. depending species, moisture 
content and type dry kiln, 
the use good system hu- 
midity control. Heat recovery methods 
may further reduce heating costs 
much cents per Mb.m. Labor 
and equipment investment costs 
generate steam have not been consid- 


1The author wishes acknowledge with 
Bishop, Department Forest 
lege Forestry, State University New York, 
planning anl carrying out the research. 


ABOUT THE AUTHOR: HOYLE, 
ROBERT JR.. Sessions III and IV, Wood 
Machining and Wood Drying, Ma- 
chining Research with High Speed Motion 
and the Thermal 
machining research the College For- 
estry, State University New York, Syra- 
cuse, New York attended Cornell Uni- 
versity and the College Forestry, State 
Taylor Instrument Companies, Eastman Ko- 
dak Company and the Timber Engineering 
Company Member FPRS, A.S.M.E. 
and 
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ered, but plants considerable size 
these costs may equal the cost fuel. 


Heat Consumed Kiln Drying 
Lumber 


The heat consumed the drying 
process ventilated kiln may said 
serve six distinguishable purposes: 
(1) Heating and evaporating the water 
removed from the wood; (2) Heating 
the water which remains the wood 
when the final moisture content has 
been reached; (3) Heating the wood 
substance; (4) Overcoming hygro- 
scopic force. Below the fiber saturation 
point the moisture held the cell 
walls molecular forces. Heat, over 
and above that required evaporate 
free water, needed break these 
bonds; (5) Supplying the transmission 
and leakage losses and warming the 
kiln structure operating temperature; 
(6) Warming and humidifying the 
fresh intake air. Ventilated kilns rid 
themselves the moisture issuing 
from the lumber venting moisture 
laden air and taking cool dry air. 
The intake air must heated kiln 
temperature before passed over the 
lumber. The balance between rate 
venting and rate evaporation very 
delicate and can seldom exactly 
maintained. When the rate venting 
exceeds that required relieve the kiln 
evaporated water excess cool 
dry air enters the kiln. This excess air 
must humidified spraying steam 
finely atomized water into the drying 
chamber. 

The relationship between these ele- 
ments shown Fig. The ideal 
kiln would vent exactly enough air 
carry off the exaporated water. Usually, 
however, even the best kilns will 
release small amount excess air, 
somewhere between and percent; 
poorly controlled kilns may release 200 
percent, 

The first four elements heat con- 
sumption are essential the drying 
process and little, anything, can 


done reduce them. The two remain- 
ing elements can controlled in- 
sulation and maintenance the kiln 
structure, reducing drying time 
minimum (heat losses, element No. 
almost directly proportional dry- 
ing accurate control vent- 
ing, and recovering heat from the 
vent air warm the cold intake air. 
the value heat and the cost 
insulation and install are 
known, not difficult matter 
establish the proper amount and kind 
insulation apply the kiln struc- 
ture reduce the transmission losses. 
shown Figure the heat used 
replace losses and heat and humidify 
intake air represent large portion 
the total heat consumed drying 
lumber, consequently reductions 
these elements will most effective 
increasing thermal efficiency. This pa- 
per concerns itself primarily with ele- 
ment No. 6—the heat required 
warm and humidify the vented air. 


Uncontrolled Venting Wastes Heat 

Kiln drying specialists have recog- 
nized the importance keeping vented 
air minimum, and have empha- 
sized this fact for many years. How- 
ever, the actual amount heat which 
wasted poor vent operation 
not mentioned literature the sub- 
ject. recent tests the flow vent 
air was measured for several dry kilns 


TO HEAT AND HUMIDIFY VENT AIR 


TO SUPPLY HEAT LOSSES 
HEAT WOOD SUBSTANCE 


HEAT RESIDUAL WATER 
TO OVERCOME HYGROSCOPK: FORCE 


EVAPORATE WATER 


HEAT CONSUMPTION, MILLIONS BTU PER M.B.M. 
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Figure 1.—Distribution elements 
heat consumption for b.m. compart- 
ment type dry kiln, drying 4/4-in. 
maple from percent moisture 
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Table 1.—RESULTS VENTING STUDY FOR THREE DIFFERENT 
DRY KILNS (MB.M. BASIS) 


Excess vent air, percent! 


Heat consumed by excess vent air, thousands of Btu... 


Cost excess vent 
dollars per lb. water 


Natural- Forced-circulation kiln 


circulation kiln. 
vent damper 


Manual vent Automatic 


control dampers vent dampers 
6/4-in. sugar 4/4-in. black 4/4-in. sugar 
maple willow maple, 4/4-in. 
black cherry 
277 169 255 
4,770 1,300 4,240 
21,860 8,110 5,275 
36 527 25 
2,370 1,175 102 
0.0042 0.0034 0.0002 


1In percent the amount vent air required rid the kiln evaporated water. 
heat valued 0.000495 dollars per thousand Btu. 


commercial operation and the results 
showed that accurate vent control can 
reduce heat consumption half 
that used kilns with poor vent 
control. The types kilns studied in- 
cluded: (1) Natural-circulation, ven- 
tilated, end-piled dry kiln with auto- 
matic control steam supply the 
heating coils and spray lines, but with- 
out vent damper control. (2) Forced- 
circulation, ventilated, cross-piled dry 
kiln with automatic control steam 
supply the heating coils and spray 
lines and manual vent damper control. 
cross-piled dry kiln with automatic 
control steam supply heating 
coils and spray lines and automatic 
vent damper control. 


The drying schedules initial 
moisture content, size, and species 
wood these kilns were not inden- 
tical. Exact duplication these condi- 
tions would have been desirable; never- 
theless the results are significant. The 
initial moisture contents the lumber 
dried these three kilns were 72, 19, 
and percent, respectively; the final 
moisture contents were 6.5, 4.1, and 
6.4 percent. For the purpose com- 
paring venting rates those parts the 
drying processes between and 6.5 
percent are presented Table The 
vastly superior performance the 
forced-circulation kiln with automatic 
vent damper control evident. The 
air vented from this kiln was only 
percent above the ideal minimum. For 
the forced-circulation kiln with man- 
ual vent damper operation the vent 
air was over five times the ideal min- 
imum (measured the basis 


pounds dry air) and for the natural- 
circulation kiln with vent dampers 
was three and one-half times the 
ideal minimum. One may question the 
results for black willow, which was 
used one the test cases, because 
its drying characteristics are different 
from those sugar maple, and black 
cherry. making proper corrections 
for the influence this lower density, 
faster drying species (black willow) 
was found that sugar maple had 
been used for that charge the percent 
and cost excess vented air, both per 
and per pound water evap- 
orated, would have been about the 
same the results shown the first 
column Table These results show 
that manual vent dampers offered 
little improvement vent control. The 
driving pressure causing ventilation 
forced-circulation kiln much 
greater than natural circulation 
kiln without any vent damper con- 
trol, but increased attention the 
manual venting operation the part 
the kiln operator could have reduced 
the excess air measurably. 

Results for charge 6/4 sugar 
maple, dried the natural-circulation 
kiln, are presented Table The 
cost associated with the excess vented 
drying from the green condition 
was about three times that required 
drying from air-dried condition 
percent moisture content. 


Cost Excess Venting 


The cost figures are based the 
use coal fuel. typical bit- 
uminous coal with heating value 
13,000 Btu. per pound and valued 


Table 2.—EXCESS VENTED AIR RESULTS DRYING 19,280 BD. FT. SUGAR MAPLE 
FROM 6.5 PERCENT MOISTURE CONTENT NATURAL CIRCULATION 
KILN WITH VENT DAMPER CONTROL* 


Actual amount of vent air, Ibs.._........._--- 1,246,250 814,740 2,060,990 
Excess vent air percent?_______________._--- 270 240 
Heat consumed by excess vent air, 

Cost of excess vent air? , 

dollars per 1.84 1.82 3.66 

dollars per water 0.00151 0.00265 0.00192 


drying process divided into two parts permit comparing cost venting both above and below 


80 percent moisture content. 


2In percent the amount vent air required rid the kiln evaporated water. 
3Based on heat valued at 0.000495 dollars per thousand Btu. 
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nine dollars per ton burned 
boiler percent efficiency, the cost 
fuel will 0.000495 dollars per 
thousand Btu. The cost the excess 
vent air are presented Tables and 
the case the natural-circula- 
tion dry kiln (capacity Mb.m.) 
without vent control the annual cost 
excess vented air will approach 400 
dollars. For forced-circulation kiln 
(capacity Mb.m) with manual vent 
controls the annual cost would about 
250 dollars, these cases fuel savings 
250 400 dollars per year would 
result from better vent control and the 
investment vent dampers, diaphragm 
motors, and labor install them 
would readily justified. 

this report fuel the only cost 
considered. the labor and the equip- 
ment investment the boiler room are 
considered, the cost excess vent air 
estimated approximately double 
the figures given here. 


Heat Recovery from the Vented Air 


steam heated kilns cold intake 
air usually mixed with recirculated 
kiln air prior heating. some kilns 
pre-heater intake air duct warms 
this air kiln temperature before 
mixes with the kiln air. either case 
the heat absorbed the intake air 
kiln with automatic vent damper oper- 
ation) the total kiln heat require- 
ments, varying somewhat with species 
and Concurrently 
the kiln exhausting hot vent air 
which could used for warming the 
intake air use air-to-air heat 
exchanger. 

The principle heat recovery has 
received some attention the United 
States but has not been widely adopted, 
for economic reasons. Its 
application electrically heated kilns 
was described recent 
Sweden and other northern European 
countries heat recovery accepted 
use progressive type dry kilns. 

small heat exchanger was con- 
structed the laboratories the Col- 
lege Forestry, State University 
New York 1951. Tests showed that 
cold intake air approximately 
deg. could heated within 
deg. the kiln temperature, 
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Figure 2.—End view heat exchanger. 


Lumberman, Nov. 1953. All Elec- 
Kilns Vol. 80, No. 12, 


OCTOBER, 


1954 


BAFFLES 


Figure 3.—Heat exchanger installed 
compartment-type dry kiln. 


the relative humidity 
vented air. 


The Experimental Heat Exchanger 


The heat exchanger consisted 
parallel copper plates, 0.0179 in. thick, 
in. overall size, spaced 0.375 
in. from one another. This provided 
total surface area sq. ft. Hot 
vented air and cold intake air flowed 
counter-currently alternate passages 
between plates. This heat exchanger 
illustrated Fig. The tubular 
outlets the bottom are drain con- 
densate from the cooling vented air. 


This unit was designed preheat 
air for small dry kiln five 
size when drying northern white pine. 
used for hardwoods, e.g. sugar 
maple, would have capacity 
heat aid for about ten Mb.m. kiln 
capacity. The unit was intended for 
use compartment type kiln and 
might installed shown Fig. 
Air flow would caused the 
pressure drop across the circulating 
fans. Reversing the circulation would 
not alter the effectiveness the heat 
exchanger. One large heat exchanger 
several small ones could used 
commercial size dry kilns. 


Results Heat Exchanger Tests 


Temperatures and humidities the 
inlets and outlets the heat exchanger 
were obtained with thermocouples and 
potentiometer. Wicks were used 
cover the wet bulb thermocouples. 
vane type anemometer was used 
determine the air flow. The test results 
are presented Fig. Cool dry air 


entered the heat exchanger about 
deg. The effect humidity heat 
transfer rate clearly evident, and 
due the differences amount 
heat transfer surface wetted the 
condensate from the cooling kiln air. 

Separate curves are presented for 
four humidity conditions. Kiln air 
percent relative humidity was cooled 
without condensation water vapor. 
the other humidities some 
sation took place. anticipated, the 
heat transfer capacity increased when 
condensed water vapor wet the plates. 
The heat transfer coefficient was about 
2.73 Btu. per hr., sq. ft., deg. for 
dry and 5.25 Btu. per hr., sq. 
deg. when the plates were al- 
most completely wet. The air velocity 
was ft. per sec., varying some- 
what with temperature. 


The pressure loss between the kiln 
air inlet and the intake air outlet 
the heat exchanget was 0.18 in. 
water. well designed dry kiln with 
proper baffling and adequate circula- 
tion the pressure loss through the 
lumber would about 0.25 in. 
water. This pressure, created the 
fans, more than sufficient cause 
ait flow the heat exchanger. 


Significance Heat Recovery 


The tests established basic heat 
transfer coefficients, air friction losses 
the heat exchanger and the practic- 
ability certain design details. These 
data made possible determine 
heat recovery possibilities calcula- 
tion. Such information was developed 
for 4/4 eastern white pine and 6/4 
sugar maple dried from per- 
cent and percent, respectively. 


TEMPERATURE HEATED INTAKE AIR, DEG. 


400 120 140 160 180 


KILN TEMPERATURE, 


Figure 4.—Heat exchanger test results for 
cold intake air temperature deg. 


Table 3.—ESTIMATED HEAT RECOVERY FROM THE VENTED AIR 
DRY KILNS (MB.M. BASIS) 


Moisture Intake Intake air Heat Value 
content air relative recovered, heat 

range, temperature, humidity, thousands recovered 
Species percent deg. percent Btu. dollars 
white pine 80-6 258.5 0.130 
N. white pine (4/4-in.)________. 80-6 80 50 152.3 0.070 
Sugar maple (6/4-in.)_________- 72-6 35 890 504.8 0.251 
Sugar maple (6/4-in.)_________- 72-6 80 50 302.2 0.143 
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NO VENT CONTROL - 240% EXCESS AIR 


EVAPORATE WATER 

HEAT LOSSES 

HEAT WOOD SUBSTANCE 

(J TO HEAT RESIDUAL WATER 

OVERCOME HYGROSCOPIC FORCE 
HEAT AND HUMIDIFY VENT AIR 


VENT CONTROL 25% EXCESS AIR 
VENT CONTROL HEAT RECOVERY 


HEAT CONSUMPTION, MILLIONS BTU PER 
o- KH UH 


Figure consumption graph for 
b.m. dry kiln, drying 6/4-in. sugar 
maple from percent moisture con- 
tent days. 


The results, for both summer and win- 
ter conditions Central New York 
State are presented Table Drying 
schedules were selected from 
Forest Products Laboratory Report 
1791. 


Annual fuel savings for compart- 
ment type dry kiln with 50,000 bd. ft. 
capacity per charge are estimated 
$190 for eastern white pine and $390 
for sugar maple. These figures are 
based fuel costs mentioned earlier. 

The cost for manufacture and 
stallation heat exchanger not 
known. Costs for the laboratory model 
would not sound basis for 
economic analysis and cost informa- 
tion suitable equipment has not 
been available. Swedish manufac- 
turer dry kilns and heat transfer 
ken, Stockholm, Sweden, has provided 
cost information heat exchangers 
suitable for large capacity progressive 
type dry kilns using forced draft fans 
insure air movement the heat ex- 
changer. The costs indicate that appli- 
cation the heat recovery method 
progressive type dry kilns would 
economically feasible. 


The case for application the heat 
recovery principle compartment type 
kilns not quite strong for pro- 
gressive types. Heat exchangers 
progressive type kilns are more éfficient 
because the vent air always being 
drawn off the entrance end the kiln 
where the relative humidity high. 
follows that the heat transfer plates 
will wet and that the higher heat 
transfer coefficients will apply. The 
heat transfer coefficients can raised 
increasing the air velocity through 
the heat exchanger, thus reducing the 
surface area required. The heat recov- 
equipment manufactured Swe- 
den employs higher air velocities than 
those used with our laboratory model. 
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Heat recovery, according the test 
results, would 4.5 percent 
the total heat consumption for com- 
partment type kiln. With the Swedish 
percent heating requirements are 
reported for progressive type dry kilns. 


Conclusions 


The vent air measurements show 
that compartment type kilns without 
vent air controls may consume twice 
much steam well maintained kilns 
with automatic vent dampers. The in- 
dividual kiln operator must determine 
the feasibility installing automatic 
vent dampers. Some kilns are not well 
suited vent damper controls because 
design features. The kiln manufac- 


turer qualified kiln engineer 
should consulted before such in- 
stallation made. the cost heat 
0.0005 dollars per thousand Btu. the in- 
stallation vent damper controls would 
bear investigation. 

The amount heat recoverable 
from the vented air well-designed 
kilns with accurate vent damper con- 
trols small compared the effective 
savings obtainable use good 
system vent air control, can 
seen Fig. improving the 
thermal efficiency kilns attention 
should first given providing good 
vent control. Secondly, attention 
reducing heat losses insulation 
the kiln structure would yield sizable 
heat savings. And thirdly, attention 


heat recovery methods could yield 
ings although they probably would 
smaller than those obtainable vent 
control and insulation. 


Discussion 


Welch Dry Kiln): 
Automatic controls have been great im- 
provement over old methods damper 
control, 

John Devine (Moore Dry Kiln): 
What kind 

Mr. Hoyle: The species maple 
used was hard sugar maple (Acer 
saccharum). Other species dried 
these tests were black cherry (Prunus 
seratina) and black willow (Salix 
nigra). 


Steam Consumption the Kiln Drying 


Western Softwoods 


VIRGIL DAVIS 
Assistant Superintendent, The Lumber Company, Springfield, Oregon 


This study steam consumption data collected from the 
kiln drying records The Booth Kelly Lumber Company Spring- 


field, Oregon. 


The study includes the total footage dried consecutive 
number months production, total pounds steam consumed, 
total pounds moisture evaporated and pertinent related facts. 

The western softwoods that are involved are Douglas fir 
(Pseudotsuga taxifolia) and western hemlock (Tsuga hetero- 


Introduction 


seasoning lumber matter 
real importance the lumber in- 
dustry today. One reason for this 
the trend toward complete use wood 
formerly wasted. 


the past was often problem 
for mill dispose it’s waste. 
Huge refuse burners burned twenty- 
four hours day, seven days 
The fuel supply generate steam for 
the dry kilns was almost unlimited. 
Now with better use residues, these 
burners are falling into disuse and 
often disappearing completely. 


ABOUT THE AUTHOR: DAVIS, VIR- 
GIL Speaker, Session IV, Wood Drying, 
“Steam Consumption the Kiln Drying 
Western Softwoods” Assistant Su- 
perintendent the Lumber 
Company, Springfield, Oregon Twenty- 
five years experience the seasoning 
lumber formerly connected with 
nomah Lumber and Box 
present president the West Coast Dry 
Kiln Club. 
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With the perfection the hard 
board materials, the installation 
barkers, and the production 
free chips, residues longer can 
economically used fuel. 


the alert for ways and means 
reduce steam consumption the sea- 
soning lumber, and gage steam 
requirements 


Variables Affecting Steam 
Consumption 


considering the consumption 
steam drying western soft woods 
kiln batteries desirable recog- 
nize all the variables. 

Insulation big factor steam 
conservation dry kilns. 
steam saving realized with insula- 
tion the roofs and the steam 
supply lines. The inside the kilns 
should covered with heavy coat 
vapor seal. The kilns this study 
have insulated roofs, insulated steam 
supply lines and vapor seal the in- 


side the kilns. Meter readings re- 
vealed that consumption cut one 
third with adequate roof insulation. 


Doors should tight avoid the 
loss heat and humidity and the 
need for more steam replace the 
loss. 


Equipment maintenance impor- 
tant. Any that not 
condition will cause waste 
steam. Leaking steam traps and valves 
run kiln steam costs unnecessarily high, 
yet this condition common some 
operations. 


Quick reloading kilns will reduce 
heat loss from kiln buildings. This 
one variable that can controlled 
providing there enough green lum- 
ber available reload the kiln soon 
hours reload kiln charge the 
Springfield plant. 

Steam can saved using split 
schedule. This method consists low- 
ering the wet bulb increase the de- 
pression instead raising the dry 
bulb temperature. doing this, the 
same drying results can obtained 
without increasing the heat the 
lumber the kiln building. has 
been observed that takes less steam 
reheat the air that replaced 
venting, than increase the tem- 
perature the lumber and building. 
This fact can used advantage 
certain times schedule changes. 
Steam for other than the evaporation 
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the moisture from the lumber may 
the total steam used. The heat loss 
hrough buildings and supply lines 
ery great, prolonged schedules 
run the steam consumption 
high. All schedules used 
the study reported this paper 
vere based minimum time for max- 
mum quality. 

Steam consumption course, 
nuch higher the winter than 
summer. The lower the tempera- 
are the outside air, the more steam 
needed heat comes into the 
kilns. Ice and frost lumber would 
use extra steam bring the 
desired temperature, and there more 
heat loss through the building freez- 
ing, weather. 

Weather conditions during the time 
this study were comparatively mild. 


Average temperature during the study 
was 52.8 degrees. 


Since takes more steam dry 
lumber lower moisture contents are 
reached, increases steam consump- 
tion dry lumber moisture con- 
tent lower than required. Kiln sam- 


ples were used the 


operation determine the moisture 
content and time end drying. 


Reconditioning lumber another 
factor steam consumption, for some 
operations not spray with steam 
raise humidity; still others recondition 
every charge dried. 


All charges are reconditioned 
This should kept 
mind when reading the average figures 
steam consumption fellow. This 
one place the operation that steam 
not 

Quite often kilns will have spray 
restore the proper humidity imme- 
diately after venting. kiln that has 
tendency over vent will waste 
steam. readily observed that 
kiln building that tight construc- 
tion and has automatic venting will 
use the moisture evaporated from the 
lumber maintain the humidity, thus 
using less spray and less steam. the 
kilns studied, spraying was needed 
from over-venting. 

Other variables could listed, but 
these are the important ones. 


Method Measuring Steam 


the Lumber Com- 
pany the steam measured Bris- 
flow meter the 
restricted orifice type installed the 
main supply line the dry kilns. 
This measures all the steam going 
the kilns, including loss the supply 
line, spray used kilns and steam 
used heating coils. necessary 
measure the steam since pur- 
chased from adjacent steam plant. 
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Kiln Description 


The Lumber Company 


internal-fan, dry kilns 
103 feet long, constructed rein- 
forced concrete. Each kiln has four 
propeller-type tans, one each corner 
each kiln overhead duct sys- 
tem. The fans each end work 
tandem. All fans are reversible. 

The kilns are all single track with 
doors one end, and equipped with 
the latest type Foxboro instruments. 
There are twelve 1-inch fin pipes 
straight through the kiln with the 
header the door end. Most the 
drying requires only half the coils. 

The lumber piled flat and loaded 
overhead crane. the prac- 
tice leave vertical space 
inches between units and horizontal 
space inches between bottom and 
top units. 


Results and Computations 


The average green moisture content 
assumed for fir was per cent, hem- 
lock common 100 per cent, and hem- 
lock clear 110 per cent. This was 
determined taking series green 
moisture content samples. 

The rough green per thou- 
sand board feet was taken from West 
Coast Lumberman’s 
ping weights. 

The following shows how pounds 
moisture evaporated per thousand 
board feet was calculated: 


Original green weight 


The total amount steam con- 
sumed kiln-dry this total amount 
footage and evaporate the pounds 
moisture indicated above was 60,171,- 
200 pounds. 


Averages: 


2,358 pounds steam consumed per thousand 
board feet. 


2.57 pounds steam consumed per pound 
moisture evaporated. 


2.35 pounds steam consumed per board foot. 


generally agreed that takes 
one pound steam evaporate one 
pound water, conditions being per- 
fect. Therefore, using the figure 
2.57 pounds steam evaporate 

attery kilns, could assumed 

that 1.57 pounds steam was the 
average amount steam loss per 
pound moisture evaporated. 


The following table showing 
the relation percentage each item 
the total amount footage and 
the total amount moisture evapo- 
rated: 


Percent 


Percent total 
of total moisture 

Species footage evaporated 
Common 17.438 32.139 
Clear 1.158 2.466 


Assuming that the same percentage 
steam consumed evaporate the 
same percentage moisture, 56.528 


plus Moisture content percent oven dry weight per thousand. 


100 


Oven dry weight (100 plus current moisture content) weight per thou- 


sand current moisture content. 


Original weight current weight pounds moisture evaporated per 


board feet. 


The fir clear dried percent 
moisture content; common fir 19.4 
percent, clear hemlock percent, 
and the common hemlock per- 
cent. 


The following shows the species and 
original green weight per thou- 
sand, original moisture content, pounds 
moisture evaporated per thousand 
board feet, and moisture con- 
tent: 


Species 


Common hemlock - 


for consecutive number weeks 
operation: 


Species 


Clear 


percent the total moisture evapo- 
rated from clear fir would require 
56.528 per cent the total steam 
therefore: 


Lbs. Lbs. 
steam steam per 
Species consumed bd. ft. 
Common fir........... 5,335,380 1,254 
Clear hemlock -----___- 1,483 , 822 5,025 
Lbs. of , 
Original Original moisture Current 
green weight moisture evaporated moisture 
per content per content 
percent percent 
500 800 8.0 
500 486 19.4 
3, 800 100 aes 1,710 10.0 
4,000 110 1,948 8.0 
Lbs. moisture Total 
evaporated moisture 
Footage per evaporated 
16,481,203 800 13,184,962 
4,255,418 486 
1,710 
295,268 1,948 575,183 
25,474,146 


| 
The following table moisture loss 


should noted that the item 
clear fir with the figure 2,064 
steam consumed per thousand board 
feet included percent 2-inch lum- 
ber. Therefore 1-inch clear fir dried 
with hour schedule would take 
less steam than 2,064 per thou- 
sand, and the 2-inch fir clear dried 
with 156-hour schedule would 
require more. 

This would also true with the 
common hemlock for there was also 
percentage 2-inch common Hemlock 
dried. 

Seasonal variations were follows: 

Summer: average tempera- 
ture 58.9 degrees 12,545,957 bd. 


The 


ft. consumed 26,360,000 Ibs. steam 


-or 2,101 Ibs. per thousand bd. ft. 


Winter: average tempera- 
ture 46.7 degrees. 12,928,189 bd. 
ft. consumed 33,811,200 Ibs. steam 
2,615 lbs. per thousand bd. ft. 


Discussion 


Shelton (Diamond Match 
Co.) What thickness lumber are you 
referring your measure steam 
consumption per 1,000 b.f. 

Mr. Davis: The item clear fir re- 
ferred paper consisted all 
Clear Fir in. and in. thick with 
percent this item consisting in. 
thick Clear Fir. 


Warner (Southern Lumber 
Company): What temperatures and 
schedules were used? 


Mr. Davis: With fir common rela- 
tively low temperature 150 degrees 
used leave pitch around the knots. 
Common fir dried hours with 
final temperature 150 degrees. The 
following our schedule for in. 
boards: 


Hrs W.B. D.B. Temp. 
130 140 dg. 
130 150 
125 150 
145 


hrs. 
steaming—150 
Final M.C.: percent. 


Outlook for 


Seasoning 


LADELL 


Forest Products Laboratories Canada, Ottawa 


Fundamental considerations necessary evaluate high- 
temperature seasoning from the industrial standpoint are discussed 
and include such factors initial and operating costs high 
temperature kilns, relative drying times and efficiencies, the possi- 
bility adapting existing kilns and the changes kiln organization 
and routine that the installation high temperature kilns would 


involve. 


tentatively suggested that such kilns would probably 
most suitable for the smaller plant, where fluctuating requirements 
mean that small loads must dried with little delay possible. 


Introduction 


KILN DRYING lumber 
high temperatures 
much attention during the past two 
three years. The possibility reduc- 
ing the time and cost lumber dry- 
ing is, course, great interest 
the wood-using industries, and the de- 
velopment this process has attracted 
great deal attention. aggres- 
sive sales campaign manufacturers 
high temperature kilns has also con- 
tributed significantly the interest 
this method drying. 


contribution the Ottawa Laboratory, 
Forest Products Laboratories Canada, Divi- 
sion the Forestry Branch, Department 
Northern Affairs and National Resources, Canada. 
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260 


The process has been under critical 
examination Europe for some time, 
but, until recently, little 
nical data directly applicable Cana- 
dian conditions existed. 
years ago, however, the Forest Prod- 
ucts Laboratories Canada, Depart- 
ment Northern Affairs and Na- 
tional Resources, began series 
sary research information 
temperature drying. Considerable prog- 
ress has been made but much research 
remains done. The commercial 
practicability for Canadian industrial 
conditions seasoning drying lum- 
ber temperatures far from 
being proven. The laboratory investiga- 
tions are barely beyond the exploratory 
stage. Assuming research shows high 
temperatures practical possibil- 
ity, the development 
techniques is, the moment, matter 
speculation. Thus this paper 
the nature commentary the 
past and present status high-temp- 
erature seasoning, the relationship 
research this field, and, broad 


terms, the problems that may have 
faced the future, should the 
process prove acceptable industry. 


History High-Temperature 
Seasoning 


general, the temperatures used 
conventional kilns are between 100° 
and 200° The boiling point not 
exceeded. The reason for this that 
above 212° physical 
process set and drying occurs 
rate that has been generally con- 
tically every species. 


Tiemann devoted several sections 
his book, Kiln-Drying Lum- 
ber” drying temperatures above 
the boiling point and various experi- 
ments are described. Some nine years 
before this, patents were granted 
the United States for kilns and drying 
processes involving temperatures above 
212° the early commer- 
cial kilns this nature were oper- 
ation, mainly the West Coast. 
handbook issued 1923 the United 
States Forest Products Laboratory men- 
tions the process. brief investiga- 
tion using temperatures around 
220° and very high humidity was 
undertaken, cooperation with 
industrial firm, the Forest Products 
Laboratory Vancouver. 

These high temperature kilns did 
not remain long favour, principally 
because prohibitively high operat- 
ing costs and rapid deterioration 


OCTOBER, 


1954 


LEGEND 


Relative Humidity 
Motstufe Content 
| | 


Hours 
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Figure drying curves for and 2-inch spruce. 


equipment under the severe conditions 
imposed upon them. Lack knowl- 
edge regarding the basic relationships 
involving degree superheat, relative 
humidity above the boiling point, and 
the moisture content wood may have 
led poor control and thus poor 
quality the end product. 


1940, 
turned their attention the problems 
connected with drying wood tem- 
peratures above the boiling point 
water, and also investigated the rela- 
tionship wood the drying me- 
dium. Following experiments 
number research workers—using 
pilot kilns—it became obvious that 
certain species responded quite favour- 
ably high temperature drying, and 
was not long before German manu- 
facturers were designing, building and 
marketing kilns specifically designed 
operate high temperatures. the 
paints, deterioration was guarded 
against, whilst features ‘such close- 
fitting doors and steam-tight, well- 
insulated walls reduced heat losses 
minimum. 


Canadian Developments 


early July 1951, the Ottawa 
Laboratory the Forest Products 
Laboratories Canada was receiving 
information regarding the European 
development these kilns through 
representatives the Department 
Trade and Commerce Stockholm. 
Several reports followed 
same source and inquiries from inter- 
industrial groups Canada 
began December, 1951. 
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Meanwhile, several European-built 
high-temperature kilns had arrived 
Canada and, the spring 1952, 
two had been inspected members 
the Ottawa Laboratory staff. After 
these inspections, and with interest 
the part industry mounting, was 
initiate investigation into 
this method drying. This decision 
was endorsed and strengthened 
recommendations the Technical 
Sub-Committee Lumber Seasoning, 
the Laboratory Research Advisory 
Committee. 

Shortly after this the offer Ger- 
man manufacturer loan one his 
kilns was accepted, the purpose being 
the evaluation the process and not 
determination the efficiency the 
kiln itself. 

This particular kiln semi-com- 
mercial size and has capacity 500 
ft. lumber. heated elec- 


trically and has one steam line for 
humidification. The drying temperature 
controlled thermostat, but 
there means automatically con- 
trolling the humidity, though the rate 
which the humidity falls during the 
drying period can controlled 
certain extent air intake and ex- 
haust valves. 

Preliminary tests were commenced 
September, 1952. report, “High 
Temperature Kiln Drying Canadian 
Wood—Exploratory 
0-170), 
covering the various species soft- 
woods dried, was published May, 
1952. Tests were continued with yellow 
birch and the preliminary investigation 
was finally concluded August, 
1953. 


Results Preliminary Investigation 


The following are extracts from 
Mimeograph Report 0-170 which 
concerned with the tests carried out 
with the softwood species: 

“Results the preliminary in- 
vestigation have been encouraging, 
but great deal further work 
including the drying hardwoods 
—is necessary before the effective- 
ness and value the high tem- 
perature can reliably 
determined. 

“The major shortcoming the 
appears the great 
moisture content variation the 
dried charge—both with individual 
boards and throughout the charge. 
However, indications are that fur- 
thur study and experimentation will 
show that this variation can 
brought acceptable limits. 

“The amount degrade has not 
been high. was conjectured that 
excessive discolouration would oc- 
cur, and that this would major 
objection the process. Such dis- 
colouration has not occurred the 
species dried far. 

regarding 
the application the process 


Figure 2.—Charge eastern white pine dried average temperature 230° The 
moisture content was reduced from 113 percent percent hours. 
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large scale can made the 
basis these exploratory investiga- 
tions. Assuming that the efficiency 
the process can proven, fur- 
necessary before drying schedules 
can 


The hardwoods did not respond 
favorably did the softwoods, (some 
collapse and honeycombing did occur) 
but, essence, the conclusions reached 
after the softwood tests were not mate- 
rially changed the hardwood tests 
conducted later, and they can con- 
sidered applicable the whole 
the preliminary investigation. 

The latter tests emphasized fact 
that had become apparent during the 
early stages the investigation, 
namely, that the particular kiln use 
did not lend itself precise experi- 
mental work, and that certain impor- 
tant factors could not evaluated 
until suitable equipment 
Such equipment is, the time writ- 
ing, the course construction 
the Ottawa Laboratory. 

One the first matters that will 
receive attention the new kiln will 
the determination the cause and 
means reducing the wide range 
moisture content the lumber after 
drying, which was very apparent 
all the tests carried out. experi- 
ment shows that this shortcoming can 
eliminated, the way open in- 
vestigations that may eventually result 
mended treatments for each the 
commercial species Canada, 


This assuming, course, that 
other factors, outside the process 
itself, prove favourable. These include 
initial costs equipment, operating 
costs, suitability the equipment it- 
self locale and for commercial oper- 
ation specific fields, and, general, 
the factors that, the final analysis, 
are for the acceptance 
any industrial process industry. 
this paper, attempt will made 
assess these factors quantitatively, 
but rather, certain approaches will 
examined, Final answers can only come 
with further research. 


Initial Cost 


Initial cost equipment pri- 
mary concern industry. The cost 
high temperature kiln compared 
kiln using conventional tempera- 
would certainly be, size for size, 
much greater. However, the output 
high temperature kiln may 
much four times that conven- 
tional kiln comparable size. The 
high temperature plant could thus 
one-fourth the capacity, which mate- 
rially affects the initial cost. This 
would 
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Table POUNDS STEAM PER POUND WATER EVAPORATED 


Run Species 


where completely new industrial in- 
stallation being contemplated. 


Where kiln installations con- 
ventional type are already use, the 
initial cost problem is, course, 
different matter. would seem doubt- 
ful the discarding installation 
its entirety and the replacement 
with high-temperature kilns would 
ever prove economic proposition— 
excepting cases where the need for 
complete replacement imminent. 
However, may found (particu- 
larly the case tile and concrete 
kilns) that modification alone would 
result satisfactory high-tempera- 
ture kiln. Added insulation would 
required almost all cases, and the 
interior the kiln might require re- 
sheathing with material especially resist- 
ant corrosion. might necessary 
also install internal fittings alum- 
inum replace those made from iron 
noted that aluminum already gain- 
ing favour with operators conven- 
tional kilns. The adequacy existing 
circulating and heating equipment 
would have considered and 
either replacement modification 
undertaken. 

Apart from the kiln itself, the prob- 
lem supplying the extra steam 
quired would have faced. The 
use electricity for heating dis- 
cussed later. many plants Eastern 
Canada, the steam required heat 
kilns steam, supplied low 
pressure after has performed its 
mary function producing plant 
power. For 
those plants where high pres- 
sure steam use, such pressures 
would require extra boiler capacity. 

The feasibility adapting existing 
loading and unloading arrangements 
and equipment would also have 
considered, and, course, factors 
arising from the kiln site itself would 
primary concern. 


Operating Costs 


Because safety regulations, qual- 
ified boiler room staff would 
quired operate pressures necessary 
high-temperature kilns; this would 
add overhead costs. The degree 
which the peak heating loads 
staggered and the degree adroitness 
handling the kilns would have 
bearing upon operating costs. The 
desirability number small kilns 


Moisture content Lbs. steam (equivalent 


percent electrical energy 
consumed) per Ib. 
Initial Final water evaporated 
60 23 1.55 
2.65 
49 4 2.17 
113 1.76 


opposed one, few, large 
ones, another question which poses 
itself; not only, course, connec- 
tion with operating costs but ini- 
tial cost well. 


handling the lumber before 
and after drying, and assuming the 
same volume output, would 
appear that the same loading staff and 
costs would apply both high-tem- 
perature and conventional installations. 
The time required load and unload 
charges would the same, but, 
drying time would reduced with 
high-temperature installation, certain 
adjustments would probably have 
made handling arrangements. 


Electricity might prove eco- 
nomically superior steam when the 
over-all operating costs are being con- 
sidered. The locale is, course, 
all-important factor. Steam would 
still required for the 
humidification the charge during the 
warming period prevent surface 
drying and help establish conditions 
the surface the lumber that lead 
satisfactory drying. This latter effect 
only tentative supposition. Steam 
may also required for conditioning 
the lumber following drying; that is, 
for relieving the boards undesirable 
stresses that may have developed dur- 
ing drying. Just what conditioning 
treatments may finally proven 
necessary is, the moment, im- 
ponderable, though tests made this 
Laboratory showed that conditioning 
may not necessarily long overly 
steam-consuming process. 


Only very wet, low-pressure steam 
required for conditioning purposes. 
Such could provided small 
electrical steam generator used 
some European installations, 


Figure 3.—Inspecting thermocouples used 
measure temperatures within the charge 
during drying. 
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small boiler. The feasibility using 
water mist instead steam should 
kept mind, and also the prob- 
ability that certain cases external 
agent will necessary 
warming-up. The lumber charge 
sufficiently wet, that being 
supplies all the humidity 
prevent any excessive sur- 
drying. vents leading 

mosphere are, course, kept tightly 
during the warming period.) 
two the test runs, charges were 
this manner. felt then 
that the problem humidification 
when using electricity heat source 
not difficult one. 


Tests have shown that drying may 
continue after the heat source has been 
removed. This caused the residual 
heat the lumber itself acting good 
advantage very ‘well insulated kiln. 
Extension the drying period this 
manner may bear importantly the 
reduction drying costs. 

Finally, there the question the 
relative drying efficiencies conven- 
tional and high-temperature kilns. Data 
obtained the Ottawa Laboratory’s 
investigations support conclusions 
reached several European investiga- 
tors, that “drying the 
high temperature kiln likely 
the more efficient. 

Results obtained during the course 
the studies the high temperature 
kiln drying softwoods are shown 
the Table This will enable com- 
parison the efficiency the kiln 
and high temperature process with con- 
ventional kilns drying low and 
medium temperatures. 


Economic drying, goal, has not 
yet been striven for the Ottawa 
Laboratory, and Runs and the 
largest possible volume air was intro- 
duced and circulated, and the heat 
wastage was maximum. 

Consumption for softwoods con- 
ventional kilns, under average condi- 
tions, per pound water evaporated 
has been estimated from 2.00 
2.75 pounds steam. 

However, because the scarcity 
information, the above comparison 
uncertain legitimacy, but serves 
indicate that the high-temperature 
kiln will, all probability, prove 
efficient tool, quality 
product being equal. 


General 


would seem that high-temperature 
drying would most suitable for 
medium-to-small woodworking 
where fluctuating requirements 
that small loads must dried 
with little delay possible. From 
point view, one two small 
kilns might prove 


oh 
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economical adjunct existing season- 
ing facilities. This presupposes that 
this process will prove effective for the 
drying hardwoods, green from the 
saw—which from present knowledge 
Europe has shown that serious 
culties may encountered 
application the process, and, while 
Ottawa Laboratory exploratory tests 
this regard gave fairly satisfactory re- 
sults, they were not promising 
were the tests with the various species 
softwoods. 


The problems connected with this 
new field kiln drying are many and 
some are complex. Ottawa Laboratory 
investigations are, yet, not far 
beyond the initial stages. Other inves- 
tigations, either directly indirectly 
connected with high temperature sea- 
soning are progress the United 
Kingdom, the United States, and 
Australia. 


Research kiln drying is, best, 
time consuming, and this specific field 
exception. The number vari- 
ables involved—species, thickness 
boards, circulation rate, temperature, 
humidity, sticker thickness, mention 
only the most fundamental—tend 
render the design experiments com- 
plicated and the assessing results 
difficult. Each test run involves many 
days work over and beyond the 
time during which the kiln actual 
operation. obtain dependable 
record, large number test runs 
required. 

addition, investigations will 
necessary determine the effect 
high temperature drying the prop- 
erties the and the fitness 
high-temperature-dried wood for 
uses. These and similar con- 
siderations will necessarily bear any 
decisions made. 


Thus may some time before 


the Ottawa Laboratory 
data upon which base positive rec- 
ommendations regarding the use 
high temperatures the drying 
lumber. the event that the advan- 
tages high temperature drying be- 
come apparent, this method drying 
will have carefully scrutinized 
the light the many factors involved, 
some which are indicated this 
paper. 

drying comes first mind. Fast dry- 
ing would make for flexibility pro- 
duction, important asset, especially 
the smaller manufacturer. However, 
speed may mixed blessing, giving 
rise, would, organizational 
problems and perhaps power 
culties. The relatively smaller space re- 
quired house the fewer high tem- 
perature kilns necessary would 
important factor, particularly smaller 


plants. Fewer kilns could also result 
lower maintenance costs. 


Research will provide information 
regarding the practicability the 
process, specific recommendations may 
follow, and correct techniques may 
developed and publicized. the last 
analysis, however, the decisions 
which type kiln best suited 
his own conditions must rest with the 
individual operator the light fac- 
tors peculiar his own circumstances 
—his organization, plant, plant site, 
and requirements. 
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The Effect Time, Temperature, and Relative 
Humidity the Relief 


Casehardening 


JOHN CHURCHILL 


Indications were obtained the relative effect time, tem- 


perature, and relative humidity the relief casehardening. 
Best results were obtained when combination moderate relative 
humidities and high temperatures were used. some cases elevated 
temperatures alone rendered stock stress free, presumably plas- 


ticizing action for the most part. 


Introduction 


UPON DRYING, subjected 
highly complicated internal 
stresses. Methods have been devised 
for relieving these casehardening 
stresses lumber the end the 
kiln-drying process. However, there 
unnecessarily large amount case- 
hardened material the general mar- 
ket despite the fact that many dry-kiln 
operators relieve these Case- 
hardened material not frowned 
upon except where the material re- 
worked, such when resawn, 
dressed more one side than the 
other, carved, run over molder 
router. 

wood maintain its place 
the field furniture and interior trim 
materials, more care must exercised 
providing stress-free stock for the 
market. 

The unnecessary expenditures and 
wasting materials show that there 
definite need for further research 
the formation stresses 
relief. Therefore, the purpose this 
study was delve into the relative 
effects the three factors (time, tem- 
perature, and relative 
the relief casehardening 
stresses. 


Development Casehardening 
Stresses 


Wood begins shrink when the 
cell cavities lose their moisture and the 
water starts leaving the cell walls. This 
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condition water the cell 
cavities but with the cell walls still 
holding all they can called the fiber 
saturation point. most species, the 
fiber saturation point between 
and percent moisture content (5).? 


green lumber dries, moisture 
quickly established. When 
the outermost surface dries mois- 
ture content balance with the sur- 
rounding atmospheric conditions, the 
surface has reached equilibrium mois- 
ture content (1). When this equili- 
brium moisture content value lower 
than the fiber saturation point, shrink- 
age attempts take place. The fibers 
attempt shrink proportion 
the reduction moisture content be- 
low the fiber saturation point. The 
movement moisture from the cen- 
tral core section the piece 
slower than the rate moisture evapo- 
ration from the surface; therefore, 
definite moisture gradient occurs the 
outset drying. Since the drying 
not uniform throughout the thickness 
piece, the surface fibers are re- 
strained from shrinkage accordance 
with the lesser moisture loss below the 
fiber saturation point the wet in- 
terior cells, This restraining action 
causes the surface exterior fibers 
stressed tension with equal 
compressive action the interior 
fibers. The unit stress, this period 
drying, however, greater the 
tension-stressed zone due the un- 
equal volumes fibers being stressed 
each zone. Since the moisture con- 
tent gradient steepest during the 
early stages drying, the greatest unit 
stress tension also present then 
(6). 
these tension forces the surface 
zone exceed the proportional limit (in 
tension perpendicular the grain) 
the wood, the cells this zone will 


cited end paper. 
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become set this stretched 
panded condition. Despite the range 
humidity control possible 
lumber dry kiln, virtually impos- 
sible keep the drying stresses 
dition does not take place. 
(11), even the mildest kiln 
ditions will cause the surface zones 
sion beyond the proportional 
Further, the tension stresses excee:! 
the maximum load, such drying 
end checks, surface checks, 
honeycomb will result. 


drying progresses, the zone tha: 
stressed tension moves 
toward the center the piece. Since 
the surface zone has developed its sct 
the expanded condition, however, 
resists the shrinkage the inner zones. 
Thus, the surface fibers first undergo 
state tension stress, become set, 
then switch state compression 
stress. Conversely, the inner zones will 
first stressed compression and 
then change state tension stress. 
Due the lower unit stress com- 
set from this type force 
much less common than the set that 
developed from tension stress. 


Tiemann (8) suggests that the phe- 
nomenon set wood appears 
internal slipping the cellulose 
molecular chains one another within 
the crystallites, rather than 
rangement the molecule. Set wood, 


Figure 1.—Experimental humidity chamber. 
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Figure 2.—Specimen-measuring gage. 


however, will shrink and swell 
had set, except that the initial refer- 
ence starting point different. This 
would indicate little rearrangement 
the molecular structure relation 
the size the intercellular areas, 
which are directly responsible for the 
shrinkage and swelling wood. 

Wood will act plastic under 
prolonged strain, and permanent de- 
formation may result, even though the 
forces involved were never great 
enough strain the wood beyond its 
elastic limit. This plastic deformation 
varies more less with temperature. 
Brown, Panshin, and Forsaith (2) in- 
dicate that set wood resulting from 
drying probably involves plastic de- 
formation well permanent defor- 
mation from stresses beyond the pro- 
portional limit. The phenomenon 
set wood remains apparently 
satisfactorily explained. However, there 
evidence that the degree set will 
diminish with time alone. 


piece dried lumber shows 
ened. This can concluded the 
normal behavior wood when 
dries. Casehardened lumber unsatis- 
usually cups, bows, distorts other 
lieve balance these stresses the 
end the drying period lumber 
dry kiln. 

The relief the stresses and set 
lumber accomplished 
essentially the addition moisture 
the exterior surfaces the lumber. 
This causes the exterior fibers swell 
thereby compressing while the inner 
zones are being subjected tension 
stresses. Theoretically, the stretching 
the inner zone plus the compression 
outer zone causes all portions 
equal dimensions when uni- 
form moisture content reached. 


possible wet the exterior 
too much during the condition- 
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ing treatment, thereby causing phe- 
nomenon termed reverse caseharden- 
ing. This caused the outer sur- 
faces developing excessive amount 
compression set. When the lumber 
assumes uniform moisture content, 
the conditions will reversed from 
those casehardened material. The 
seriousness this condition should 
never overlooked for the lumber 
unsatisfactory for uses that demand 
further manufacturing. There 
economical method relieving reverse 
casehardening. 

With the knowledge that casehard- 
ened lumber can made stress free, 
approach may taken for de- 
vising future kiln drying schedules. 
Rapid and accurate means measur- 
ing the stresses the current stum- 
bling block. Rietz (7) suggests the 
possibility reducing drying time ap- 
preciably schedules can based 
the stresses acting the wood and 
their magnitude. Lower relative hu- 
midities may used during drying 
long the resulting stresses not 
exceed the maximum strength values 
wood, thereby causing failures. Tie- 
mann (8) states: “It not the mois- 
ture content itself, nor the time the 
lumber has been the kiln, that 
the prime consideration for the deter- 
mination when change the kiln 
conditions. What really counts the 
amount stress existing the 
lumber.” 

Indications point toward the use 
stress and set proportions for the deter- 


mination future drying schedules; 
ultimately conditioning may become 
more important. the conditioning 
treatment, has been proven many 
times that moisture utmost impor- 
tance; but what the temperature and 
time elements involved 

attempt has been made the 
study reported here determine the 
relative effects the three factors 
(time, temperature, and relative hu- 
midity) involved the relief dry- 
ing stresses and sets. 


Apparatus 


The material used the study 
standard lumber dry kiln with rever- 
sible forced air circulation. This kiln 
has capacity 2,000 board feet. 
Considerable baffling was 
insure uniform air circulation through- 
out small load 108 boards. 

experimental conditioning cham- 
ber (Fig. was designed and con- 
structed for the various conditioning 
treatments. This unit had load space 
Circulation, which could varied 
from 180 lineal feet per minute mini- 
mum 400 feet per minute maximum, 
was supplied 12-inch internally 
mounted fan. Controlled temperatures 
from 90° 200° were furnished 
bank six 75-watt electric strip 
heaters. Controlled relative humidity 
conditions could varied from 
100 percent means external 
steam-spray system. Uniformity cir- 
culation was enhanced two 4-cubic- 
foot plenum chambers each side 


Table 1.—THIRTY-SIX EXPERIMENTAL CONDITIONS 


Equilibrium 


Specimen Dry bulb Wet bulb Relative moisture 

Treatment No. temperature temperature humidity content Time 

percent percent Hr. 

1-3 150 115 

4-6 150 115 34 5 18 

71-9 150 115 34 5 24 

10-12 150 115 

13-15 150 126 

16-18 150 126 50 7 18 

19-21 150 126 

22-24 150 126 

25-27 150 133 

28-30 150 133 62 9 18 

31-33 150 133 62 9 24 

34-36 150 133 

37-39 170 135 

40-42 170 135 40 5 18 

43-45 170 135 40 5 24 

46-48 170 135 

49-51 170 146 

55-57 170 146 55 7 24 

58-60 170 146 55 7 30 

61-63 170 154 

64-66 170 154 67 9 18 

67-69 170 154 67 9 24 

73-75 190 156 

76-78 190 156 43 5 18 

79-81 190 156 

82-84 190 156 

91-93 190 168 60 24 

a re 103-105 190 175 71 9 24 


the load area. Temperature 
tive humidity were both automatically 
trolling instrument. 


All moisture content sections were 
dried forced-draft drying oven set 
212° 


gage was constructed with which 
measure the stress specimens 
0.0001 inch accuracy. This gage (Fig. 
consisted 5/16-inch steel plate 
base, center flat bed rest, perpen- 
dicular reference plate, bar slide, and 
dial gage. The reference plate was 
fastened the base plate approxi- 
mately 4.7 inches from the dial indica- 
tor. The bar slide, which activated the 
dial gage, offered flat bearing surface 
rather than radius rest against one 
end the specimen being measured. 
This reduced the variability the 
gage readings due surface imperfec- 
tions the specimens. 


Material 


Clear yellow birch (Betula 
that had been air dried for year was 
selected the test material. These 
pieces, which were random lengths 
and widths, were cut 5-foot lengths 
and reduced width approximately 
inches. 


Six kiln samples, approximately 
inches wide and inches long, were 
prepared the guides during kiln dry- 
ing. These samples, together with the 
rest the material, were end-coated 
with coats Angiers end-coating 
material retard end-grain drying. 


The kiln schedule used this air- 
dried yellow birch was the Forest Prod- 
ucts Laboratory schedule T8-C4 (9). 
The original average moisture content, 
shown the ovendry tests, was 
percent. The charge showed average 
4.8 percent when was removed 
from the kiln. 


The material was stored equal- 
izing room operating percent 
equilibrium moisture content condition 
with 75° temperature for days, 
during which time became equalized 


approximately percent moisture 
content. 


Following this equalizing period, 
the 5-foot boards were cut into end- 
matched 18-inch test specimens (Fig. 
and then returned the equalizing 
room after end-coating. These end- 
matched test specimens were labeled 
for untreated and for treated. 
They were numbered from 108 
random selection discount any 
bias the pieces. There 
were 108 specimens, which were 
given various relief 
treatments, and 108 specimens, 
which acted the matched controls 
treatment group. 
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Testing Procedure 


Due limitations the experi- 
ment, conditions were selected 
study the various effects time, tem- 
perature, and relative humidity the 
relief drying stresses. The condi- 
tions selected are listed Table 


Twelve the specimens were 
placed each the nine kiln runs. 
each specified time interval during 
run, specimens were removed and 
designated treatment. the speci- 
mens were removed, blank pieces 
the same dimensions were put back 
the load prevent differences air 
circulation the remaining pieces. 
Following removal from the kiln, three 
sections were cut from each test board 
(Fig. 3). These were: (1) moisture- 
distribution sample, (2) visual-stress 
sample, (3) and measuring-stress 
sample. Similar sections plus measur- 
ing blank were cut from the matched, 
untreated specimen that had been 
stored the percent equalizing 
room. 

The moisture-distribution sections 
were cut, weighed, and labeled, then 
put the oven dry. This green 
weight and the ovendry weight ob- 
tained permitted the calculation 
the moisture distribution after the 
conditioning treatment. Examples 


some these data are given 
Table 


The visual-stress sections were cut 
shown Figure and placed 
the equalizing room 
prongs come uniform moisture 
content. The measuring 
were also placed the equalizing room 
after cutting and marking for iden- 

This procedure was followed for 
the nine runs. All the measuring- 
stress specimens were removed from 
the equalizing room the humidity 
chamber after week. They were 
this chamber condi- 
tions 140° and percent equili- 
brium moisture content. This was done 
order avoid the possible dimen- 
sional variance caused moisture 
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content differences between the speci- 
mens. After this equalizing period, the 
samples were removed the 
room, and measured. Measurements 
were taken the two exterior sec- 
tions (shell surface zones) and the 
center section (core). 


Photographs were taken 
visual-stress after they 
been the equalizing room for 
minimum weeks. 


The measuring blanks, 
(Figure the untreated specime 
were kept the equalizing room 
proximately weeks before they 
measured. average 
was taken. This measurement was 
sidered the average width 
test specimen prior any relief 
ments. 


casehardened lumber, known 
that the shell surface zone 
state tension set. Therefore, thcse 
zones are removed from the 
they will increase length. The 
central will shorten upon 
removal any compression set 
sent. The difference length these 
sections can used measurement 
the set present within the stock. 
reverse material, the 
section will exhibit greater dimensions 
than the surface zones, assuming 
manent deformation has occurred. 


Measurement differences were used 
basis quantitatively evaluating 
the degree casehardening reverse 
caschardening present the treated 
and untreated specimens. 
dure made possible compare the 
effectiveness the various treatments 
noting the change differences 
the core and shell measurements the 
treated and untreated specimens. The 
the core and shell zones, 
the matched, untreated dimension 


example the calculations 
given clarify the method. 
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Figure 3.—Sampling technique. 
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Table 2.—EXAMPLES MOISTURE DISTRIBUTION FROM SOME THE 
nent ample ment ence ing 
Section Moisture Section Moisture 
No. inches Sample No. No. content Sample No. No. content 
the measuring blank section cut 
5.7 5.9 
0.0058 6.0 5.7 
X100=0.122 percent (degree 5.8 5.9 
4.7400 casehardening) 1 5.1 eeu ‘ 
5.5 
The three graphs (Figures and 
time, temperature, and relative humid- 6.4 6.4 
h 1Quter zone. 
ity were plotted using the average 
degree casehardening percentages 


for each treatment. 


Discussion Results and 
Conclusions 


Time and Temperature: has 
been stated previously that moisture 
known have decided effect 
the relief set and internally stressed 
lumber. obvious that unless the 
relief casehardening instantane- 
ous, time must exhibit some effect 
also. The effect temperature cannot 
proven simply that time. 
However, Figure the effect 
temperature clearly illustrated. The 
equilibrium moisture content condi- 
tions the chamber and the moisture 
content the stock were both per- 
cent the start the treatment. 
Therefore, there was addition 
moisture the outer surfaces the 
material during the treatment. Any 
reduction the magnitude case- 
hardening must attributed either 
time, temperature, increase 
the temperature from 150° 
170° brought about greater relief 
and shorter time. In- 
creasing the temperature 190° 
further increased the removal the 
stresses even shorter time than 
required for the 170° 
condition. These curves show that tem- 
perature plays important role 
effecting the removal casehardening 
set and stresses. From the results, 
cannot definitely stated that given 
temperature will increase 
the amount relief certain percent- 
age. does appear, however, that the 
time intervals appears proportion- 
were true, additional rise 
dipping below the abscissa 
stress line. this occurred, 
would prove that temperature alone 
causing set within the piece. Figure 4.—Rate stress removal percent equilibrium moisture content conditions. 
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Therefore, the possibility relief 
thermal expansion the outer sur- 
faces caused the higher tempera- 
tures should not overlooked. Any 
expansion this nature, however, 
would have sufficient magni- 
tude cause the straining the wood 
beyond its proportional limit. Stresses 
that would arise from thermal expan- 
sion would minor compared those 
developed from moisture changes. 
There seems then another cause 
for this relief brought about higher 
temperatures, namely, the plasticizing 
effect temperature wood. 
enough plasticize hardwoods that 
they can molded into various 
shapes. The increase relief that fol- 
lows increase temperature could 
caused the wood becoming more 
plastic. Greenhill (3) found that 
temperature 180° F., the tension 
strength and modulus elasticity per- 
pendicular the grain were reduced 
from the values for corres- 
ponding properties normal tempera- 
tures. This reduction was found 
greater stock with high moisture 
content. the reduction strength 
was sufficient for the maximum tem- 
perature rise 120° F., relatively 
low stress could cause the wood 
strained beyond its proportional limit 
and the relief could cause ther- 
mal expansion, The relief 
hardening temperature then can 
tion the thermal expansion and 
plasticizing actions. 


Figure shows the progress re- 
lief with temperature, but none 
the tests did the cores and shells obtain 
equal dimensions. This 
cate that the pieces were still case- 
hardened. The amount caseharden- 
ing present, shown the visual in- 
spection sections (of those treated 
170° and 190° percent equil- 
ibrium moisture content), was min- 
ute they appeared stress free. The 
pieces treated 150° and per- 
cent equilibrium moisture 
still showed some casehardening 
the visual sections. denoting that the 
temperature was not enough for 
relief. This assumption made the 
basis that the tendency the curves 
become asymptotic after hours 
treatment. 


The results, then, disclose the pos- 
sibility relief casehardening 
temperature alone. charge 
could allowed cool and then sub- 
jected high temperature for stress 
relief. High temperatures will reduce 
the strength properties (10), but the 
reductions are not appreciable the 
temperatures used except after long 
periods exposure. Therefore, 
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Figure 5.—Rate stress removal percent equilibrium moisture content conditions. 


seems that this method warrants fur- 
ties commercial use. 


Relative Humidity: The effect 
relative humidity the relief case- 
hardening illustrated Figures 
and Comparison these curves 
with those Figure show that any 
increase relief, beyond 
buted temperature, must caused 
the action moisture the sur- 
face zones the material. With 
increase relative humidity, the time 
required for relief was greatly de- 
creased. Reverse was 
also found occur with the higher 
relative humidities. the percent 
equilibrium moisture content condi- 
tion, reverse casehardening was present 
every temperature condition 
visual inspection. However, this phe- 
nomenon was not indicated the core 
and shell measurements the 150° 
temperature group. The difference 
reaction the visual and measured 
sections can explained the fact 
that the sudden addition moisture 
acts only the surface the piece. 
Thus, these surface fibers may undergo 
state severe compression set. The 
volume fibers that are affected 


much smaller than the volume fibers 
that not take additional mois- 
ture. was observed that the central 
portions board could case- 
hardened with the exterior zones 
hibiting reverse casehardening. Hen- 
derson (4) has illustrated this condi- 
tion which occurred 
lumber that had been steamed for 
hour. Additional steaming might 
lieve the central portions the 
however, the surfaces would probably 
remain reverse casehardened con- 
dition. appears that the addition 
moisture alone not good practice 
for relief stresses since the amount 
moisture added the surface 
creases the possibility reverse 
hardening. 


The curves that entered the 
casehardening range, below the 
difference line, all showed 
point after certain period 
The time factor for this 
varies with the temperature 
Reverse casehardening was actually 
lieved some instances the 
indicate. Figures and illustrate 
trend. This relief could from 
sources. One could from the 
velopment stresses the 
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moves inward toward the center 
The shell under state 
compression set and tends resist 
the expansion the core central 
the core takes more mois- 
the stresses increase, and, great 
enough, they will counteract the com- 
set the outer zones, leav- 
the lumber stress free. Some the 
moisture distribution data collected 
moisture gradient pattern that 
this could actually occur. 
second source relief reverse 
could the tempera- 
used. The specimens treated 
and percent equilibrium 
moisture content conditions appeared 
fully relieved after hours, 
while those treated 170° with 
the same equilibrium moisture condi- 
tions still showed reverse caseharden- 
ing after hours. 


Relative humidity alone does 
appear satisfactory means for 
the removal stresses. However, 
combination high temperatures and 
moderately elevated relative humid- 
ity (190° with percent equi- 
librium moisture content) showed their 
effect all the time intervals 
studied. The superiority this method 
(which closely associated with pres- 
ent practice) over one temperature 
alone would depend the economics 
involved pertaining time 


single study the relief 
casehardening (with temperature and 
relative humidity constant) was 
found that some relief occurred during 
8-week period. This relief can 
attributed time. The general belief 
that casehardening would never be- 
come completely relieved the action 
time alone. The function time 
this study shown Figures 
and The curves that did not cross 
the abscissa appeared become asymp- 
totic. However, those that intersected 
the abscissa exhibited minimum 
point. The curves ascended from this 
minimum point toward the abscissa and 
appeared show trend toward 
second intersection with 
difference line. the curves rose above 
the zero-line, would mean that the 
stock had passed from 
condition one reverse casehard- 
ening and then returned casehard- 
ened condition because the addition 
moisture. This pattern does not 
appear logically correct. 


additional time periods had been 
included the study, more complete 
might have been collected. 
over longer periods treat- 
ment, the stock would have been fully 
lieved under all conditions. would 
been interesting note the 
time the relief case- 
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hardening. Increasing the time, all 
instances, would have given much 
additional and valuable information. 


Summary 


This study gave indications the 
relative effects time, temperature, 
and relative humidity the relief 
casehardening. 


felt that the time element 
should have been extended for longer 
periods using the same intervals. Time 
definitely important factor the 
relief stresses. The exact magnitude 
stresses relieved due time was 
not determined, its interaction with 
relative humidity 
however, was obvious importance. 

some instances, temperature alone 
rendered the stock stress free. Where 
temperature was not acting alone, 
was important factor. The effect 
temperature the relief stresses 
set casehardened material attrib- 
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uted its strength-reaucing and plas- 
ticizing qualities plus thermal expan- 
sion. 


Relative humidity, like temperature, 
may relieve casehardening itself. 
relative humidity conditions are too 
severe, reverse casehardening will 
occur. Lumber this state unsat- 
isfactory were casehardened. 
Best results the relief casehard- 
ening were obtained when combina- 
tion moderate relative humidities 
and high temperatures were used. 
the high temperature 
humidity ranges, reverse casehardening 
was some instances. 
others, definite trend toward relief 

Various questions that have arisen 
from this study warrant investigation. 
Some these questions are: 


the use high temperatures appli- 
cable for commercial use? 


Figure 6.—Rate stress removal percent equilibrium moisture content conditions. 
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low temperature relief 
sible? 

What effect does time have 
the relief casehardening without the 
tive 

method for relieving reverse casehard- 
ening 


stress-free lumber better (from 
viewpoint) 
than casehardened stock? 

what extent are the strength 
perpendicular the grain, 
humidity conditions 

Many these questions, and others, 
study set with sound statistical 
framework. This study, was limited 
and was largely exploratory. The re- 
sults obtained and conclusions drawn 
should not extended beyond the 
scope the study. However, felt 
that definite trends were established 
that might apply under similar condi- 
tions. 
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Discussion 


Ray Rietz (U. F.P.L.): would 
like suggest definition 
stresses dry lumber caused set re- 
sulting from shrinkage 


Knauss (U. Forest 
Did all pieces start per cent MC, 
equalized? 

Michigan): Yes. 

Mr, Rietz: what temperature? 

Mr. Dickinson: 75° 


John Yavorsky (New York State 
College Forestry): Please discuss 
problem variation where E.M.C. 
per cent. 

Mr. Knause: operating kiln 
could get equilibrium moisture be- 
fore drying could better. Should 
use temperature plasticize wood 

John Devine (Moore Dry Kiln): 
Would this relicf result thermal 
action? 

Mr. Knause: No. Two actions. Plas- 
ticizing more important than thermal 
action. 

Mr. Devine: What would ther- 
mal expansion? 


Mr. Knause: Greater than some 
metals, less than others. 


Mr. Rietz: Thermal expansion has 
associated with temperature 
gradient, between inside 
which very short 150 degrees. 


suggests that need more information 
casehardening. 


Question: 


Mr. Churchill mentions that 
the percent case-hardening curves 
pattern that return the zero 
even re-entrance into the 
tional case-hardened condition 
that reverse case-hardening 
cated. not wish compound 
difficulties, but wonder wou'd 
curves would return zero 
ically possibly even oscillate 
the zero axis. 


Churchill: The appearance 
the curves indicates that some ca: 
lating nature. However, know 
reason for such action. Ultimately, 
curves would stabilize within 
tended time period and parallel the 
abscissa. 


Gatslick (New York State 
College Forestry): Were internal 
temperatures determinations 
the wood samples? Were any 
ture gradient studies made for samples 
conjunction with this study 
thinking terms possible tem- 
perature gradient effects from increased 
conditions. 


Mr. Churchill: Due the limita- 
tions this study, temperature 
readings were made the sur- 
face inside the test samples. How- 
ever, prior the conditioning 
ments, the temperature the samples 
was degrees and, course, ex- 
sudden increase tem- 
perature with accompanying 
expansion when subjected the 
temperature treatments. 
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Alleviating Bow and Crook Southern 
Yellow Pine Dimension With Chemicals 


Acting Head, Forest Products Department, Texas Forest Service, Lufkin, Texas 


KING 


study was made find practical way alleviate bowing 
and crooking southern yellow pine dimension, exclusive lamina- 
tion. Fifty-two hundred pieces No. grade 2-by-4 lumber eight 
feet long were involved the treatment. Nine chemical compounds 
and two water proof papers were evaluated after storage and ex- 
posure periods retail yards Houston, Austin, Dallas, and Lub- 
bock. analysis eight specific tree growth and lumber manufac- 
turing characteristics reveals that changes manufacturing techniques 
will probably required before any appreciable reduction the 
amount bowing and crooking can obtained. This action would 
required addition the use chemical compound for 


stabilizing purposes. 


Introduction 


YELLOW PINE dimension, 
long established superior wood 
for construction, and once held high 
esteem architects, contractors, and 
home owners has lost much 
prestige relatively short period 
years. This evidenced the high 
degree sales resistance southern 
yellow pine, the increasing inroads 
being made Douglas-fir markets 
once held exclusively southern yel- 
low pine and the pine producers’ 
related concern because the com- 
petition. 

The perplexed reaction reputable 
lumber companies large scale ship- 
ment rejects understandable. 
true that many the producers have 
improved their over all operations. 
Many have dismantled old, worn out 
kilns and installed modern kilns. Op- 
have been trained for the full- 
time job kiln operation. Yet, spite 
these efforts, there has been not only 
but, the dismay the industry 
whole, sales resistance has 
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The problem facing the indus- 
try deals with the large scale bowing, 
crooking and warping lumber dur- 
ing the drying process, after shipment 
retail yards, storage the bins and 
finally, after use 


One would suspect that this sudden 
and erratic behavior southern pine 
lumber mentioned above was beyond 
the control the manufacturer. 
matter fact, largely was. Paul and 
Sweet? state, one point view, 
the situation which the industry 
finds itself due the breakdown 
the normal economic industrial 
controls during the upset supply- 
demand conditions growing out the 
From another point view, how- 
ever, the war conditions 
tened along situation that would 
have been more less inevitable any- 
way, since was associated with 
replacement former virgin timber 
stocks second growth; situation 
that calls for new controls, which may 
take considerable time put into 


Past and Current Efforts 
Solve Problem 


Prompt action the part the 
industry through individual company 
effort and also through the Southern 
Pine Association was initiated. Efforts 
were made win back consumer con- 
fidence through the application rec- 
ommended control measures and 


Benson and Sweet, Carroll 
Control Manufacture Lumber 
from Second Growth’’, Forest Products 
Laboratory. Presented Southwest Wood Prod- 
ucts Conference, Lufkin, Texas, January 21, 1949. 


introducing new type 2-by-4 lum- 
ber the market. 

Paul? showed that lumber cut from 
second-growth southern yellow pine 
containing fewer than rings per inch 
would exhibit abnormally high longi- 
tudinal shrinkage, 
bowing and crooking. Consequently, 
the grading rule for No. pine dimen- 
sion was improved the requirement 
that all pieces this grade have 
less than rings the 


Another vitally important measure 
was taken the Southern Pine Asso- 
ciation improve the structural value 
the No. grade. reports 
that; “During World War FHA 
developed tables joist sizes for vari- 
ous spans based upon the same princi- 
ples which are used all structural 
values the different grades and 

August 1951 the Southern 
Pine Inspection Bureau the South- 
ern Pine Association initiated survey 
through the members their inspec- 
tion staff. This survey was designed 
cover crooked dimension handled 
certificate, claim, and mill inspections. 
Information according six classifica- 
tions was taken all pieces that were 
No. all respects except for excess 
crook. These classifications were 
follows: 


Pieces showing rings per inch 
one end only. 


Pieces showing less than rings 
per inch both ends but other- 
wise No. quality. 


Pieces showing compression 
wood. (Pillow* summarizes the 
role compression wood plays 
causing bowing and 


Pieces showing the pith for all 
part its length. 


Crooking Lumber Cut from Second Growth 
Southern Yellow Pine’’. Forest Products 
Laboratory. Southern Lumberman, January 
1, 1938. 


O’Brien, Present Market Out- 
look for Southern Pine Lumber and Dimen- 


sion’’, Southern Pine Association. New Orleans, 
Louisiana. 


Bowing and Twisting’’. Forest Products 
Wood Working Industries, Novem- 
ver, 1930. 
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Pieces showing rings one 
both ends and not showing pith 
but showing part the fast 
growth immediately adjacent 
it. 

Pieces not showing any the 
foregoing characteristics. 


The results this survey were sum- 
marized and were quite effective 
pointing the characteristics inherent 
piece dimension which were 
causing excessive crook. 

the field industrial effort 
prevent alleviate crooking and bow- 
ing, measures were put into 
practice which were thought 
practical value. Piling 4’s and 
6’s edge, both for air 
ing and kiln drying, being resorted 
with some small degree success. 
One small mill makes prac- 
tice all pieces cut from 
the center the log instead split- 
ting cant through the 
pith. Another mill experimented with 
the idea drying green 4’s and 
then resawing 4’s the planer. 
All these practices conceivably are 
some help though, admittedly, 
limited degree. All are 
marily overcoming the effects 
sawing practices and fail recognize 
other causes for bowing and crooking. 
The causes are inherent the individ- 
ual piece and are due primarily the 
character single type wood 
wood tissues causing abnormal and 
differential shrinkage. selection 
and modified cutting practices will re- 
duce bowing and crooking mini- 
mum. log selection meant the 
actual choosing the logs from which 
cut dimension lumber. 

Because the economic limitations 
that would arise from cutting dimen- 
sion lumber solely from selected logs, 
was reasoned that perhaps some de- 
gree stabilization could obtained 
through the use commercially avail- 
able chemicals known the trade 
either wood sealers, water repellents, 
stabilizers. eliminating the most 
serious causes bowing and crooking 
through proper log selection and im- 
proved sawing practices, and then 
chemically treating the dimension re- 
sulting from these improvements, posi- 
tive steps could then taken im- 
prove the quality southern yellow 
pine dimension. 


Purpose and Scope 


The this study, therefore 
was find practical means allevi- 
ate prevent bowing and crooking 
southern yellow pine dimension, ex- 
clusive lamination. Fifty-two hun- 
dred No. 4’s eight feet long, 
haJf which were air-dried and half 
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kiln-dried, were utilized the experi- 
ment. The 4’s were obtained from 
sources typical the southern pine 
industry Texas. Nine commercial 
chemicals and commercial water- 
repellent papers were included the 
treatments. The remaining treatment 
groups involved the 
controls. One retail yard each Hous- 
ton, Austin, Dallas, and Lubbock, was 
chosen storage and exposure area 
for testing the effects varying equi- 
librium moisture contents the treated 
and untreated dimension. Austin 
and Houston, the 2-by-4 lumber was 
piled the customary fashion bin 
space provided the retail yards. 
Dallas and Lubbock, storage sheds were 
constructed simulate normal retail 
yard storage since was impossible 
obtain storage space the time from 
the cooperating lumber companies. 

The lumber was stored for wecks 
the bins after which study was 
made the behavior each piece. 
The lumber was then placed flat 
the ground and exposed for eight addi- 
tional weeks the weather, and the 
behavior each piece was again 
studied. 


Design Experiment 


The object this experiment was 
measure the effectiveness chemi- 
cal compounds and water repellent 
papers alleviating preventing 
bowing and crooking southern yel- 
low pine dimension. The chemical com- 
pounds tested were Dux Bax, Nel- 
sonite 21P5 and Nelsonite 
Woodfix 310, Woodtox 120, Wood 
Youth, Wood Lube, Wood Sealer No. 
9521 (36 percent solids), and 
Wood Sealer No. 9521 (29 percent 
solids). The two paper wrappings 
tested were Shell-Flex 60-2P and 
Wrap-Dri-Type Creped. Each com- 
pound and paper was tested the 
original state received from the co- 
operating firms. Thus there were 
distinct treatments and the controls. 
Two control groups were employed 
each exposure. doubling the con- 
trols fairly accurate standard was thus 
obtained for gaging the effectiveness 
the various treatments. 


The experiment was set pro- 
vide storage and exposure areas 
the cities Houston, Austin, Dallas, 
and Lubbock. Thirteen bins each 
the retail yards were allotted for the 
storage. The treatment groups were 
assigned individual bins random. 
This particular type experiment 
known “randomized The 
5,200 4’s were randomly seg- 
regated into treatment 
bering 400 per group. Each group con- 
sisted 200 air-dried and 200 kiln- 
dried pieces. Upon completion each 
group treatment, subgroups consist- 


ing 100 pieces per group were ran- 
domly chosen for the 
storage locations. All subgroups were 
randomly distributed within the storage 
space and separately stacked piles 
equal dimension. Houston and 
Austin all piles were the same level 
adjoining bins. Dallas and Lub- 
bock the piles were three levels 
adjoining bins. 


Procedures 


Before Treating: When the 
pieces lumber were delivered 
central sorting point they were imme 
ately segregated into groups 
mentioned above. should 
tioned that each the groups 
pieces from each the sources 
which the lumber was purchased. 


soon the treatment 
were made up, each piece was 
identifying letter denoting the tre 
ment, and number. The 
pieces were numbered from 20); 
the air-dried pieces were 
from 201 400. Letters and numb: 
were stamped with hammer and 
die each end. 


Three moisture content readings 
were taken each piece with Mocel 
RF4 Moisture Register intervals 
and feet from one end. 
values were recorded, but the mean 
the readings was considered 
the moisture content the piece. 


Concurrent with the numbering and 
recording moisture content, each 
Piece was placed specially con- 
structed table (Fig. where the maxi- 
mum deflection bow (face curva- 
ture) and crook (edge 
were measured the nearest .05 inch. 

Finally, each piece was inspected 
and placed one the categories 
listed below. The first these cate- 
gories were used the Southern Pine 
Inspection Bureau survey. The last 
were added shortly after the inspec- 
tion began order provide 
nite category for each piece. 
noted that many pieces exhibited 
various combinations several 
teristics. Only the most obvious one 
was referenced the piece such 


Characteristics for Classifying 
ern Yellow Pine 2-by-4 Lumber 


Pieces showing more rings 
per inch one end 


Although many pieces were twisted only 
deflections two planes were 
ured. 

Basis: paragraph 248, 1948 Southern 
Inspection Bureau grading rules: 
lumber shall average either one end ‘he 
other not less than annual rings per 
measured over 3-inch portion radial 
present, over such portion less thar 
inches may and which shall 
representative the average growth ‘he 
cross-section. 
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Pieces showing less than rings 
inch both ends but otherwise 
No. quality. (See paragraph 256, 
1948 Southern Pine Inspection Bureau 
rules.) 

Pieces showing compression 

Pieces with pith surface for 
part the length. 

Pieces showing more rings 
inch one both ends and not 
showing the pith, but showing fast 
growth immediately adjacent it. 

Pieces showing abrupt rate 
growth change either both ends. 
(Specify rate growth rings per 
inch for both fast and low growth). 

Pieces showing less than rings 
per inch both ends, 


Pieces not fitting any the above 
categories that are No. grade. 

Table summarizes the frequency 
distribution the pieces these 
characteristics for the 


groups. 


Treating: All treatments were car- 
ried out the Forest Products De- 
partment’s headquarters, Lufkin, 
accordance with written specifications 
and recommendations made each co- 
operating firm for its product. some 
cases the treating was done under the 
supervision qualified representa- 
tive the company supplying the 
chemical. entire batch, treatment 
400 pieces was completed, 
and the tank cleaned, before treating 
with another product. 


The treating procedures described 
below for the various products were 
accordance with each cooperating firm’s 
recommendations. 


Nelsonite The product was 
used shipped and the treating was 
done the prevailing outdoor tem- 
perature. The studs- were dipped for 
period minutes, piled normal 
fashion (bulk piled), and allowed 
dry for hours before further 
handling. 

Nelsonite 35P5. The procedure 
was the same for Nelsonite 21P5. 

Woodfix 310. The product was 
used shipped. Each piece was sub- 
merged for minimum minutes. 
Stickers were placed between layers 
the studs insure treatment all 
surfaces. After treatment, the studs 
were stacked with stickers and allowed 
dry for period one week. The 
temperatures both wood and solu- 
tion were above 80° 

Woodtox 120. The procedure was 
the same for Woodfix 310. 

Wood Youth. The product was 
shipped 2:1 concentrate which 
added twice the volume petro- 
mineral spirits (varsol) meeting 
company’s specifications, The con- 
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centrate was poured into the treating 
tank, into which the mineral spirits 
were added while stirring, until the 
solution was thoroughly mixed. The 
studs were dipped for full seconds 
with care being taken insure sub- 
mersion all pieces. stickers were 
required for treating. Immediately fol- 
lowing treatment, the studs were 
allowed drain until dripping stopped. 
The studs were then piled stickers 
and allowed dry for minimum 
days. 

Wood Lube. The procedure was 
the same for Wood Youth. 

Wood Sealer No. 9521 (36 
percent solids). The was 
used The studs were bulk 
dipped and were submerged for 
minutes. After submersion, the studs 
were then placed end dry place 
until they were dry enough handle. 

Wood Sealer No. 9521 per- 
cent solids). The product, shipped, 
containing percent solids was 
reduced approximately percent 
solids the addition gallons 
mineral spirits (varsol) each gal- 
lons product. The treating proce- 
dure was the same for Wood Sealer 
No. 9521 (36 percent solids). 

Dux The product was used 
shipped. stickers were required 
during dipping, but the lumber was 
placed the solution edge and sub- 
merged for minutes. Following treat- 
ment, the stock was placed in- 
clined position and allowed drip 
for from minutes. The pieces 
were then piled stickers and allowed 
dry for hours before handling. 

10. Paper Wrappings. 
facilitate ease handling. The ends 
were overlapped, folded in, and sealed 
with pieces wide kraft tape. Three 
steel straps, with piece 9-point 
container board under each strap, were 
applied each bundle insure com- 
pactness. 


Figure 1.—Table for measuring deflections 
bow (face curvature) and crook (edge 
Note the rigid metal surfaces forming 90- 
degree angle fabricated electrically spot 
welding angle iron plate. 


After Treating and Storage: When 
all treatments were completed, the 
treatment groups 400 pieces were 
segregated randomly into four sub- 
groups 100 pieces. Thirteen sub- 
groups, which included two subgroups 
controls, were distributed the retail 
yards Houston, Austin, Dallas, and 
Lubbock and stored bins for 
weeks. the end the storage pe- 
riod, each was again inspected 
and maximum bow and crook were 
measured the nearest .05 inch and 
recorded the form with the initial 
deflections. 


Moisture content readings were 
again obtained each the 800 
control pieces. The average read- 
feet from one end, was computed, and 
again considered the moisture 
content each piece. 


Exposure Weather: When the 
measurements were completed each 
treatment group the lumber was then 
placed the ground the wide face, 


Table 1.—SUMMARY GROWTH AND MANUFACTURING CHARACTERISTICS NO. 
SOUTHERN YELLOW S.Y. PINE TREATMENT GROUPS 


Treatment Group 
30 4 
43 8 
Wood Sealer (20% Solids)... 15 3 


649 


12. 


Characteristics 
160 62 10 30 60 400 
111 72 5 69 69 400 
169 56 18 32 54 400 
134 49 3 59 59 400 
117 61 5 48 61 400 
122 54 5 58 58 400 
134 51 5 76 39 400 
128 71 5 74 47 400 
173 65 9 34 37 400 
166 61 2 43 44 400 
175 60 5 34 51 400 
188 60 3 34 44 400 
176 57 4 40 63 400 
1953 779 79 631 686 5200 
37.6 15.0 1.5 18.2 100.00 


showing more rings per inch one end only. 
2Pieces showing less than rings per inch both ends, but otherwise No. quality. 


showing compression wood. 


4Pieces showing the pith for all part its length. 
showing more rings per inch one both ends and not showing the pith, but showing fast 


growth immediately adjacent it. 


showing abrupt rate growth change either both ends. 
7Pieces showing less than 4 rings per inch on both ends. 
not fitting any the above categories that are No. grade. 
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and left exposed the weather for 
additional weeks. Storage the bins 
during the hot summer months would 
test the effectiveness the treatments 
preventing loss moisture; ex- 
posure the open the weather 
would test the effectiveness repelling 
moisture. 


After Exposure: During the inter- 
val between the end the storage 
period and the end the exposure 
period statistical analysis data 
vealed those treatments 
results. Therefore, 
measurements bow and crock deflec- 
tions after exposure were taken only 
those treatment groups which 
showed significant results after storage. 
The deflections were again taken the 
nearest .05 inch. 


Analysis and Results 


This investigation was conducted for 
the primary purpose determining the 
relative effectiveness several com- 
mercial chemical compounds and water- 
proof papers alleviating prevent- 
ing bowing and/or crooking south- 
ern yellow pine dimension. 

was realized from the start that 
little research has been done the 
field dimensional stabilization, par- 
ticularly with sawn, one-piece, con- 
struction members. was also realized 
that much the critical bowing and 
crooking could eliminated the 
sawmill the simple expedient log 
selection and change sawing tech- 
niques. However, the project was de- 
signed work with representative 
sample No. grade, southern yel- 
low pine 2-by-4 lumber and thus de- 
termine whether present commercial 
under present sawmill practices. This 
approach the problem necessitated 
the use large sample the sacrifice 
some control due the time in- 
volved between acquiring the lumber 
and recording preliminary data, and 
treating time. But this approach served 
the purpose identifying some chemi- 
cals which, from statistical analysis 
standpoint, produced significantly dif- 
ferent results when compared con- 
trol groups. 

The data were analyzed meth- 
ods and for sets conditions. The 
first analysis consisted purely statis- 
tical methods based the well-known 
randomized block design. this case 
the deflections bow and crook, meas- 
ured the nearest .05 inch, and also 
the number pieces excess the 
grading rule allowable crook, 
were employed the testing units. 
Analysis covariance reduced the data 
for all treatments after storage and was 
again computed for those treatments 
involved the exposure test. 
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The second analysis dealt with 
determination the effectiveness 
the various treatments controlling 
bowing and crooking among the 
categories into which the lumber was 
segregated. Here again the number 
pieces excess the grading rule 
allowable crook were employed 
for comparative purposes. 


Statistical Analysis: straightfor- 
ward analysis covariance for ran- 
domized-block design was employed. 
The tabulation following illustrates the 
elements the analysis covariance 
the effects the chemical 
compounds and wrapping papers 
the behavior southern yellow pine 
4’s. 

ELEMENTS THE ANALYSIS COVARI- 


ANCE BEFORE AND AFTER TREAT- 
MENT DEFLECTIONS 


Degrees 


Source variation freedom 


Using the deflections 
fore and after treatment, analysis 
covariance was computed for both 
crook and bow. 


After Storage: The statistical anal- 
yses showed highly significant differ- 
ences due storage location the 
lumber and highly 
ences due treatments. 


Upon completing the tests differ- 
ences among the four storage locations 
Houston, Austin, Dallas, and Lub- 
bock, was found that differences 
existed between Houston and Austin 
nor between Dallas and Lubbock. How- 
ever, highly significant difference was 
shown exist between the two cities 
Houston and Austin combined and 
Dallas and Lubbock combined. 


This evidence substantiates the com- 
plaints from West Texas retail lum- 
bermen that crooking and bowing 
more severe West Texas than 
East Texas. Shipments properly 
dried dimension lumber leaving the 
East Texas area good condition 
would after arrival and storage sum- 
mer West Texas retail yards for 
few days, reportedly contain one- 
third unsalable pieces. 


The completed tests significance 
for individual treatments showed only 
one chemical and both papers 
effective controlling crook. Four 
chemicals and both papers were effec- 
tive controlling bow. Tables and 
summarize the degree significance 
the various treatments after the stor- 
age period retail yards for period 
weeks. 


out that although bow defined under 
the Southern Pine Inspection Bureau 


Table 2.—RESULTS STATISTICAL ANALY. 
SIS TREATMENT EFFECTS AFTER 
STORAGE (DEFLECTION METHOD) 


Behavior! 

Treatment Bow Crook 
Nelsonite 
Nelsonite NS 
Wood 

(37% Solids) 

(20% Solids) 


1Points maximum deflection measured 
est .05 inch. 

Highly Significant—Only one chance 
for the means treated and control groups 
within estimated limits. 

Significant—One chance that the me: 
the treated and control groups would fall 
estimated limits. 

Not significant—No difference between me: 
of treatment and control groups. 

Note: search for independent means 
substantiating the results the analysis 
measured deflections, consideration was given 
total pieces per treatment group that exceeded | ie 
maximum allowable deflection specified 
the grading rules. Analysis covariance was 
ployed and computed again for bow and cro: 
These results are tabulated Table 


Table 3.—RESULTS STATISTICAL 
SIS TREATMENT EFFECTS AFTER 
STORAGE (PIECE TALLY METHOD) 


Behavior! 
Treatment Bow Crook 

Nelsonite 
Nelsonite 

(37% Solids) 

(20% Solids) 


1Percent pieces which exceeded the maximum 
for lumber allowed grading rules 
based total pieces per treatment group. 

S—Significant. 

HS—Highly significant. 

NS—Not significant. 


standards characteristic cause 
for grade limitation, actually, limits 
are provided the grading rules for 
rejecting severely bowed pieces di- 
mension. This odd when consider- 
ing that 2-by-4, feet long and 
severely bowed just useless that 
length severely crooked one. 
jected the consumer. true th: 
moderately bowed stud still has utility 
when placed wall 
whereas crooked stud cannot 
Furthermore, bowing occurs after 
damage the wall. This not 
when crooking occurs after the wall 

constructed. this case, stresses 
velop which are capable 
well-fitted panelling. With the light: 
wall boards, with lath 
whole sheets wall boards, and lar. 
sections plaster are torn from 
studs. The alleviation prevention 
than alleviating preventing 
although both conditions result 
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how the piece cut from the log 
the: determines whether will bow, 
knots, slope grain, and ex- 
and cupping. 


After Exposure: Analysis for after- 
was made only those 
groups showing signifi- 
after storage. Comparisons with 
control groups were made both 
measured deflections and with the 
pieces per treatment 
group excess inch allowed for 
che grading rules. 

this case, however, the effects 
weither and treatment were the reverse 
the effects storage and treatment. 
the latter case, the control groups 
(no treatment) and noneffective treat- 
exhibited the largest increases 
bowing and crooking occurrence. 
The treatment, effective, would 
have hold these increases mini- 
mum. the former case, the rain 
thoroughly soaked the lumber. This 
soaking relieved internal stresses, caus- 
ing many the pieces straighten 
out. The treatments which acted 
good water repellents prevented thor- 
ough soaking, hence, the majority 
the pieces which were bowed and 
crooked before exposure remained rela- 
tively after exposure. Table sum- 
marizes the results this test both 
methods, that is, deflections and per- 
centages pieces excess the 
allowable inch. 


Table 4.—RESULTS STATISTICAL ANALY- 
SIS TREATMENT EFFECTS AFTER 


EXPOSURE 
Method Analysis 

Deflection Piece tally 
Bow Crook Bow Crook 

Solids) 


S—Significant. 
HS—Highly significant. 
NS—Not significant. 


Notice again the similarity results 
the two methods. Here, the 
results after storage, only Dux Bax 
had significant effect alleviating 
crook and bow. Nelsonite 21P5, Wood 
Scaler (37 percent solids) and Wood 
Youth showed significant effect only 
bow after exposure. The two paper 
treated groups during the exposure 
period were used control groups 
with the original control groups and 
thus provided additional effectiveness 
the 


Characteristics Individual 
Pieces: attempt was made de- 
which, any, the groups 
were classified according growth 
manufacturing characteristics re- 
treatment. The 5,200 pieces 
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Table TREATMENTS SHOWING EFFECTIVENESS CONTROLLING 
BOWED AND CROOKED 2-by-4 LUMBER WITH VARIOUS GROWTH 
AND MANUFACTURING CHARACTERISTICS 


Increase number pieces 
exceeding inch after 
treatment 


Characteristics 


Controls Chemicals Papers 


Increase expressed percent 
classified pieces not exceeding 
inch before treatment 


Controls Chemicals Papers 

Giipdeenscdaucduedwackeaas 4 18 0 6.5 8.2 0.0 
oiddntscdadonuameaeksnaease 20 102 5 44.4 42.4 6.7 
58 189 0 24.2 15.4 0.0 
9 58 4 6.8 10.6 3.6 

12 23 0 9.7 5.5 0.0 


were broken down into three categories 
for comparative purpose, namely: con- 
trol, paper wrappings, and chemical 
treatment. count the increase 
number pieces, which contained de- 
flections exceeding the inch allow- 
able under the grading rules, after 
treatment and storage was first deter- 
mined. This was expressed percent 
the number pieces that particu- 
lar classification that did not exhibit 
bow crook excess the allowable 
inch before treatment and storage. 
Table presents summary these 
results and indicates degree, 
least, the type 2-by-4 lumber that 
can cannot helped chemical 
treatment. 

table will noticed that the 
paper wrappings were quite effective 
alleviating and preventing bowing 
and crooking. is, course, realized 
that once the paper removed drying 
will continue with subsequent bowing 
and crooking. observation was 
made, however, which requires con- 
sideration. Moisture contents the 
pieces the same bundle had been 
pretty well equalized among all pieces 


and also throughout the length each 


piece. Stresses were relieved equal- 
ized. Points maximum deflection 
most cases this was accom- 
panied reduced deflection. There 
much that can said favor the 
use paper wrappings. Already one 
lumber company wrapping its lum- 
ber because cheaper than building 
dry shed. 

Further study table indicates the 
types lumber which did not respond 
generally chemical treatment. Head- 
ing the list these characteristic 
pieces containing compression 
There was 44.4 percent in- 
crease the number pieces exceed- 
ing the allowable inch deflection 
the controls and 42.4 percent increase 
the chemical treatment group. 
Twelve and one-half percent the 
5,200 pieces were classified contain- 
ing compression wood. The next cate- 
gories which obviously were not helped 
chemical treatment were 
and Category contains pieces 
showing more rings per inch 
one end only and comprised percent 

contains 


all the pieces. Category 


pieces showing more rings per 
inch one both ends and not 
showing the pith, but showing fast 
growth immediately adjacent it. 
Category contains pieces showing 
less than rings per inch both ends. 
The latter two categories made 
percent the total. examination 
category which comprised per- 
cent the 5,200 pieces reveals inter- 
esting results. These pieces exhibited 
pith surface for all part the 
length. The number bowed and 
crooked pieces was reduced about 
percent treatment, all which 
occurred the bowed pieces. Only 
0.2 percent reduction occurred the 
crooked pieces after treatment. 


Summarizing, category pieces 
showing more rings per inch 
one end only, categories pieces 
containing compression wood, and 
pieces showing less than rings per 
inch both ends, which made ap- 
proximately percent the total 
were not helped chemical treatment. 
All these categories are based 
characteristics compression 
wood and less than rings per inch— 
and could eliminated log selec- 
tion. Categories pieces with pith 
exposed for all part surface, 
and pith not exposed but showing 
fast growth adjacent pith one 
side the piece, comprised about 
percent the total pieces. Category 
based manufacturing practice 
and manufacturing practice. Hence 
combination selecting logs and 
altering sawing practices approximately 
percent the types dimension 
causing the most serious bowing and 
crooking could eliminated. Bowing 
was reduced about percent the 
number pieces category 


Conclusions and Recommendations 


The following conclusions 
ommendations can made from this 
portion the study: 


Based statistical analysis two 
commercial chemical compounds, Dux 
Bax and Nelsonite 21P5 and two com- 
mercial wrapping papers, Wrap-dri 
and Shell-flex have proven their ability 
alleviate bowing and cooking No. 
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southern yellow pine 4’s lumber 
feet long having 
tertics. 

Based analysis the num- 
ber pieces exceeding the inch 
deflection allowed for the grading 
for categories, approximately 
percent the total pieces were 
helped chemical treatment. 

Paper wrappings practically pre- 
vented bowing and crooking from oc- 
curring, and most categories, pieces 
that exceeded inch bow crook, 
before wrapping did not exceed 
inch after wrapping and storage. 

Pieces fitting category show- 
ing more rings per inch one 


cee 


end only, categories containing 


High-Temperature Drying: Its Application 
the Drying Lumber 


compression wood, and showing 
less than rings per inch both ends, 
both which are growth character- 
istics, comprised percent the total 
sample and were not helped chemi- 
cal treatment. Pieces fitting categories 
pith exposed for all part 
surface, and pith not exposed 
but showing fast growth adjacent 
pith one side the piece, both 
which are largely manufacturing prac- 
tices, comprised percent the total 
sample. Forty-three percent the total 
pieces these two categories were not 
helped chemical treatment. 

Bowing and crooking more 
severe the Dallas—Lubbock area than 
the Houston—Austin area. 


JAMES MATHEWSON 


Engineer, Forest Products Laboratory,’ Forest Service, Department Agriculture 


The history superheated-steam kilns and other high-tempera- 
ture kilns both the United States and abroad briefly outlined. 
The construction and operation the newer types are described. 
Foreign investigators report marked reduction drying time and 
heat energy required for drying pincipally air-dried softwoods, 
although the drying green softwoods and air-dried hardwoods 
has been carried some extent also. Generally, the newer types 
kilns have capacity only 2,000 3,000 feet, board measure, 
and Germany are being used primarily small industries. The 
effects high-temperature drying casehardening, discoloration, 
hygroscopicity, and certain strength properties are discussed briefly. 


URING WORLD WAR superheated- 
steam kilns were used the 
Pacific Northwest and very rapid dry- 
ing rates were reported. Some green 
1-inch softwoods were dried per- 
cent moisture content hours, 
drying temperatures high 230° 
atmosphere steam. The rela- 
tive humidity the steam was regu- 
lated controlling the dry-bulb tem- 
perature and maintaining wet-bulb 


Maintained Madison, Wis., cooperation 
with the Wisconsin. 

Cited end this report. 
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temperature the boiling temperature 
water F.). The method 
applicable 1-inch Douglas-fir, true 
firs, western hemlock, ponderosa pine, 
southern yellow pine, basswood, and 
known, not suitable for other 
hardwoods for softwoods that have 
tendency collapse. While the re- 
duction drying time was well worth- 
while, the severe drying conditions 
caused such rapid deterioration ma- 
terials used kiln construction that 
the use superheated-steam kilns was 
discontinued the United States. 


While there has been recent revival 
interest the use superheated- 
steam kilns, the principle drying 
lumber this method was recognized 
early 1867 when Patent No. 
64,398, for Drying and 
Seasoning Lumber Superheated 
Steam,” was granted Allen and 
Luther Campbell, Aurora, 
Patent No. 1,268,180 was granted 
Tiemann, Madison, Wis., June 
1918, for superheated-steam dry 
kiln which circulation was induced 


Because the large number 
pieces involved the study which 
made close control difficult the initia- 
tion the project, further investiga- 
tion with the chemical compounds 
with proven ability alleviate bowing 
and crooking warranted. 


Efforts the manufacturers 
southern yellow pine practice log 
selection and alter their sawing prac- 
tices are justified far 
feasible. adopting such measures 
log selection, new sawing techniques, 
and chemical treatment, three-fourths 
the bowing and crooking exceeding 
the 14-inch limits allowed the 
ing rules can eliminated. 


four pairs steam-spray lines 
arranged such manner that the 
direction circulation could 
reversed. 


Within the past several years con- 
siderable publicity has been given 
three German high-temperature kilns. 
Early forms were constructed 
verse section kiln with alumi- 
num lining, insulated with about 
inches glass wool covered with 
steel shell Such construction 
intended reduce heat loss and dete- 
rioration the metal. The modern 
kiln can completely assembled the 
factory and shipped unit ready for 
use soon steam and electrical con- 
nections are made, For foreign ship- 
ments, partial disassembly for crating 
advantageous. has been 
that 100 these kilns have been in- 
stalled West Germany, two 
Sweden, three Canada, and 
South America. None are known 
the United States. Since ordinarily they 
have capacity 2,000 3,000 fe:t 
lumber, board measure, they 


plants (7). 


fans centrifugal fans. The 
type suitable when the resistance 
flow low, and the centrifugal 
when the resistance high. The 
fans are reversible. The fan axes 
tically perpendicular the long 
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the kiln (10). The motors are 
outside the kiln. 

Customarily, air-dried softwoods are 
oaded into kiln the morning, the 
nts and fresh-air intakes are closed, 
steam-spray valve opened unless 
evaporated moisture sufficient 
the desired relative humidity, 
fans are started, and the heat, either 
hours, during which the tem- 
hours, and then the heat shut off 
automatically (7). some cases, the 
vents and fresh-air intakes are partially 
opened soon the maximum tem- 
perature reached; but ordinarily they 
are not fully opened until the heat 
supply shut off. The wet-bulb tem- 
perature may maintained 212° 
but generally somewhat lower. The 
fans are operation during the entire 
kiln run, which about hours. 
Ordinarily, these kilns are not equipped 
with wet- and 
controllers. some cases, however, the 
dry-bulb temperature thermostatically 
controlled (7). 

Basically, water vapor superheated 
when, any pressure, its temperature 
exceeds that the saturated vapor. 
When the wet-bulb temperature 
below 212° atmospheric pressure, 
both air and water vapor are present. 
When the wet-bulb temperature reaches 
212° air present. Further heat- 
ing the vapor results superheated 
steam atmospheric pressure. other 
words, the wet-bulb temperature 
kiln below 212° F., the kiln may 
called superheated-vapor kiln. 
the other hand, the wet-bulb tem- 
perature 212° and the dry-bulb 
temperature above 212° F., the kiln 
may called superheated-steam kiln. 
If, however, the dry-bulb temperature 
above 212°F., the term “high- 
kiln irrespective whether the wet- 
bulb temperature below 212° 

order release heat for evapora- 
tion kiln temperatures below the 
boiling point water, the temperature 
the air and vapor lowered. The 


HIGH CAPACITY BLOWERS 
ELECTRIC HEATING UNITS 
OR STEAM COLS 


SPRAY PIPE 


GLASS - 
INSULATION 


AIR DISTRIBUTOR 


KILN TRUCK 


Figure 1.—High-temperature kiln con- 
aluminum and sheet steel 
heat-insulating material. 


FPRS 


air, course, can give heat for 
evaporation long its temperature 
higher than that the wood 
dried. The vapor, the other hand, 
can, its temperature drops, supply 
heat for evaporation only until the 
point saturation reached. the 
standard atmospheric pressure 
14.696 pounds per square inch abso- 
lute, zero pound gage, the tempera- 
ture saturated steam 212° 
Wood contact with such steam could 
heated, but the water could not 
evaporated. 


Relative humidity may defined 
the ratio the actual vapor pressure 
the pressure saturation the 
given temperature. For example, 
dry-bulb temperature 150° and 
psychrometric curves (such those 
fig. commonly available dry-kiln 
operators show that the dew point 
130° and the relative humidity 
which are commonly given hand- 
books and textbooks mechanical 
engineering, physics, chemistry, the 
saturated-vapor pressure 130° 
2.222 pounds per square inch absolute. 
The corresponding saturated-vapor 
per inch absolute. The relative 
humidity then 2.222/3.718 59.8 
percent, which checks with the per- 
centage determined from the curves 
described above. When, however, 
German high-temperature dry kiln 
operating with dry-bulb temperature 
230° and wet-bulb temperature 
194°F., the relative humidity 
less and cannot readily calculated 
from steam tables. Since 230° and 
194° are respectively and 
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however, the corresponding 
relative humidity may determined 
from the curves shown figure 
which was prepared Keylwerth 
(8). Intersection horizontal line 
through 110° with the 90° 
wet-bulb temperature line (sloping up- 
ward from left right) corresponds 
relative humidity about per- 
cent shown the horizontal axis. 


Suppose now, that saturated steam 
14.696 pounds per square inch abso- 
230° F., while the atmospheric pres- 
sure remains unchanged. 
words, the steam superheated 18° 
Referring again steam tables, 
find that 212° the vapor pressure 
14.696 pounds per square inch abso- 
lute, and 230° the vapor pressure 
20.780 pounds per square inch abso- 
lute. The relative humidity then 
14.696/20.780 70.7 percent. 

Most kiln operators are familiar with 
the relationship temperature and 
relative humidity equilibrium mois- 
ture content for temperatures below the 
boiling point water atmospheric 
pressure. number investigators, 
notably Germany (8) and Aus- 
tralia (4), have 
ments determine the equilibrium 
moisture content wood exposed 
atmospheric pressure superheated 
Eisenmann (2) determined correspond- 
ing values for pressures 314 
atmospheres, about pounds per 
square inch absolute, shown fig- 
ure this figure, the heavy hori- 
zontal and vertical lines show four 
combinations temperature and rela- 
tive humidity, all which correspond 
equilibrium moisture content 
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Figure 2.—Humidity diagram. (By Tiemann, Forest Products Laboratory.) 
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HUMIDITY DIAGRAM 


percent. interesting note that 
least 248° the determina- 
tions atmospheric pressure (fig. 
correspond well with estimates arrived 
the mathematical extrapolation 
(9) curves (fig. prepared the 
Forest Products Laboratory and 
dated May 21, 1926. 


Kiln Temperatures 


Kollman (8) states that drying 
superheated steam suitable for soft- 
woods and beech, but not for green 
hardwoods, such oak, which checks 
and collapses readily. they are air 
dried, kiln dried moderate tem- 
perature percent, they can 
further kiln dried high tempera- 
ture without checking. superheated 
steam 120°C., the equilibrium 
moisture content wood 4.5 per- 
cent, and 130°C. only per- 
cent. Kollman regards these conditions 
too severe and recommends maxi- 
mum temperature 115°C. this 
case, the equilibrium moisture content 
about 5.5 percent. He, well 
Egner (1), considers range 110° 
being most expedient. 
100°C. the equilibrium moisture 
content percent. 


conditions superheated-vapor kiln 
during the drying 1-inch spruce 
percent hours. The initial tem- 
perature the wood was 68° Dur- 
ing the first 114 hours the relative 
humidity rose percent. The wet- 
bulb temperature during most the 
next 4-hour period was slightly below 
temperature rose 118° (244° F.), 
the relative humidity dropped 
percent and then fluctuated between 
and percent while the dry-bulb 
temperature remained constant 118° 
Practically all the drying occurred 
during 414 hours. 


Drying Gradient 
Keylwerth (6) developed concept 
that the ratio the moisture content 
(below the fiber-saturation point) 
the lumber given instant the 
equilibrium moisture content should 
constant. set the condition 
that the equilibrium moisture content 
should chosen that the lumber 
during the entire drying process would 
always require the same time reach 
that equilibrium. Mathematically, 

expressed the concept thus: 


Un 


constant 
al 


where u,, the instantaneous moisture 
content and u,, the corresponding equi- 


Brochure No. 1360 issued Maschinenfabrik 
G.g. Kiefer, Stuttgart-Feuerbach, Germany. 
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librium moisture content. this ratio 
applied the term 
and worked out the following values, 
which are applicable below the fiber- 
saturation point. 

For mild drying conditions and 
high-quality stock, for stock thicker 
than 1.2 inches: hardwood, about 1.5; 
and softwood, about 2.0. 

For more severe drying conditions 
and low-quality stock, for stock less 
than 1.2 inches thickness: hard- 
woodwood, 2.0 3.0; softwood, 3.0 
4.0. 

Above the fiber-saturation point the 
equilibrium moisture content main- 


depending the particular item being 
dried. 


Rates Circulation 


Various investigators advocate rates 
second (394 1,970 feet per minute) 
meters per second (394 590 
feet per minute) are most commonly 
mentioned. Among the factors affecting 
the rates are, presumably, differences 
species, initial moisture content, 
temperature, relative humidity, and 
length air travel. Sturany (11) 
refers air exchanged,” 
rather than linear rate. states 
that certain superheated-steam kiln, 
the amount exchanged 2,100 
times, while for standard kilns the 
corresponding figures range from 200 
800. The usual rates circulation 
American ventilated kilns range 
from 250 350 feet per minute. Be- 
cause high temperatures result high 
that the rates circulation mentioned 
for foreign kilns would higher than 
those American kilns order 
carry the moisture away from the lum- 
ber rapidly comes the surface. 


Energy Required for Drying 


Keylwerth (5) indicates that, with 
superheated-vapor kiln, the usual 
range energy required 1.2 1.5 
kilowatt-hours per kilogram (2.2 
pounds) water evaporated, and that 
kilowatt-hours with low-temperature 
drying. attributes the lower energy 
requirement the lower heat loss, 
lower heat capacity the construction 
materials, and the shorter drying time 
the case the superheated-vapor 

Eisenmann (3) cites example 
the drying 1-inch spruce from 


after was heated for 4.5 hours 
superheated-vapor kiln. this connec- 
tion the following data were tabulated 
for electrically heated kiln: 
Ovendry weight wood: 350 kilo- 


grams per cubic meter (21.9 pounds 
per cubic foot) 


Reduction percent moisture 
content: kilograms (185 pounds) 

Heat requirtd evaporate kilogram 
2,460 British thermal units) 

kilograms water require: 52,080 
kilocalories (207,000 British 
units) 

kilowatt-hour equivalent to: 860 
kilocalories (3,415 British thermal 
units) 

kilowatt-hours* required per cubic 
meter wood equivalent to: 
63,640 kilocalories 252,650 British 
thermal units) 


Loss: 
63,640 52,080 11,560 kilocalories 
11,560 63,640 percent 

are kiln dried, they are loaded the 
green condition and ordinarily requ 
2.75 pounds steam per 
water evaporated. If, for 
the figure 2.5 chosen, the perce: 
age heat loss due all causes 


Distribution Moisture 


Some investigators have 
considerable difficulty attaining 
moisture content values among 
dried boards. Eisenmann (2), 
reports the following when stack 
spruce about 2.6 feet wide, 4.6 
feet high, and 13.1 feet long was 
from moisture content perccat 
seven average moisture content values 
were determined: both ends and 
the middle each boards the 
top, middle, and bottom layers the 
stack. Three the boards tested were 
each the two outer tiers and three 
the middle tier. One value, 14.5 
percent, was the highest, and Eisen- 
mann believed that was error. 
With this exception, the range the 
other values was 6.5 10.4 per- 
cent, with average 8.5 percent. 

Transverse moisture-distribution de- 
terminations were made Eisenmann 
one board that was ripped into six 
strips, and three these strips were 
resawed into three pieces 
thickness, The moisture content valucs 
the outer zones ranged, reported, 
from 8.5 10.2 percent. 

American standards, the 
average moisture content and 
transverse moisture content distribution 
recalled, however, that the 
across the load was only 2.6 feet. 
permissible drop temperature 
the load usually stated 
(9° F.); the circulation 
periodically, the corresponding drop 
temperature differentials apply 


percent. 


Whether this value includes energy for 
motors not indicated. 
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High-Temperature Drying 
Wood Properties 


Kelywerth (5) found that samples 
red beech dried superheated steam 
those dried 65° (149° F.), 
equilibrium moisture content 
about percent lower per- 
moisture content; also, they had 
newhat higher modulus rupture, 
ximum crushing strength, and mod- 
aid tension perpendicular the 
however, the samples dried 
had somewhat lower values. 
The radial and tangential shrinkages 
were reduced and percent, re- 
spectively. Graf and Egner (2) 
ported that pine dried 115°C. 
shrank and swelled only percent 
much pine. 

Available information concerning the 
effect high-temperature drying 
case-hardening not very detailed, 
General reports indicate, however, that 
case-hardening resulting 
method drying not commercial 
importance 

Kollman (8) determined 
whiteness” pine boards 
spectrographically over considerable 
range wave lengths, after drying 
them steam-air mixture tem- 
peratures 60° 140° (140° 
284° F.). His conclusions were 
follows: 


The action temperature during 
the first hours has the greatest 
influence whiteness. 


(158° F.), moderate between 
70° and 140° C., and heavy above 
140° (284° F.). 

the moisture content range 
percent, the effect moisture 
content negligible; between and 
percent, the effect perceptible; 
and above percent the effect 
marked, 

Data obtained the Forest Products 
Laboratory have indicated, for example, 


Temperature 


Figure 3.—Chart hygroscopic equilibrium for softwoods. 
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that ordinary kiln drying 6/4 
ponderosa pine sapwood was pos- 
sible minimize brown stain ap- 
plying low-temperature, low-humid- 
ity schedule: for example, one with 
percent relative humidity and with final 
conditions 160° and percent. 
The commonly accepted theory that 
chemical brown stain usually results 
from chemical reactions that occur 
water-soluble extractives they are 
concentrated and deposited during dry- 
ing. quite possible that, the 
very high temperatures cited Koll- 
man, the movement moisture the 
vapor phase, rather than the liquid 
phase, predominated. this the 
case, would expected that the 
concentration extractives and conse- 
quently the discoloration would less. 
Furthermore, the much shorter drying 
time high temperatures may 
important factor. There also some 
evidence that the discoloration that 
does occur high temperatures can 
readily surfaced off, whereas ordi- 
kiln operation the entire cross 
discolored. 


Conclusions 


recent years marked advances 
have been the construction 
high-temperature kilns Germany. 
The kilns are well insulated and vapor- 
tight, that heat losses and deteriora- 
tion the construction materials are 
minimized. Moreover, the operating 
temperatures 115°C. (239° 
F.) permit very rapid drying lum- 
ber. some instances drying time 
has been reduced percent. While 
most the kilns this type can 
operated with wet-bulb temperature 
below 212° F., they are ordinarily 
operated wet-bulb temperature 
below 212° One advantage such 
operation reduction elimination 
chemical discoloration. 

Another advantage, compared 
with that resulting from drying 


Relative humidity (percent) 


standard ventilated kiln, reduction 
hygroscopicity. Increases some 
strength properties and losses others 
are reported. and however, 
German investigators not consider 
the changes strength properties 
important. 

investigation the effects high- 
temperature drying hardwoods and 
softwoods growing the United 
States. 
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Figure 5.—The moisture content Sitka spruce equilibrium with the indicated 
temperature, partial vapor pressure, and relative humidity. (By Loughborough, 


Forest Products Laboratory.) 


wood, which accompany changes 
moisture content occurring 
variations the relative hu- 
midity the atmosphere, present serious 
problems those who manufacture 
use wood products. This dimensional 
change different the longitudinal, 
tangential, and radial directions, longi- 
tudinal shrinkage normally very 
small and usually not considered im- 
portant. The transverse shrinkage 
values, however, are much greater 
magnitude; the tangential values range 
from percent the green 
dimension whereas the radial values 
approximately one half 
amount. these shrinkage percent- 
ages, the differences between them, 
that give rise cupping and checking 
lumber and logs, the warping ve- 
neered constructions and many other 
serious problems familiar those who 
are associated with wood products. 

Numerous theories have been ad- 
vanced explain the differences 
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Figure 6.—Conditions high-tempera- 
ture kiln during the drying 1-inch 
hours. The initial temperature 
wood was 20° (68° F.). 


The Effect Rays the Differential 


Shrinkage Red Oak: 


CHARLES MORSCHAUSER 


transverse dimensional change accom- 
panying change moisture content, 
one which has been universally 
accepted. The oldest theory, which may 
called the theory, 
assumed that rays shrank 
along their axes and since they were 
aligned radially, perpendicular the 
longitudinal elements, they restrained 
the radial shrinkage the wood. 
Barkas (1), Clarke (2), Greenhill (4), 
and Koehler (5), have expressed their 
belief this theory. Kollman 
jected the explanation the basis that 
the strength the ray cells was not 
sufficient enable them restrain the 
radial shrinkage the wood. 


Ritter (8), from evidence obtained 
microscopical studies with polarized 
light, stated that the crystalline portions 
ray cells are arranged vertically and 
thus parallel the crystalline portions 
the longitudinal cells the wood. 
The ray cells would then logically 
expected shrink and swell the same 
amount fiber cells radial direc- 
tion. further attempt demon- 
strate the lack ray restraint radial 
shrinkage, Ritter and Mitchell. (9) 
measured the shrinkage pine blocks 
from which the rays had been removed 
degradative action. They concluded 
that the shrinkage the blocks with 


Wood Technologist, Oregon Forest Products Laboratory, Corvallis, Ore. 


the rays removed was comparable 
that the blocks with the rays present, 
which supported the belief that 
have restraining action 
shrinkage. These researchers have, upon 
further investigation, advanced theory 
relating differential transverse shrinkage 
deviations the fibril angles the 
radial and tangential cell walls the 
longitudinal cells the wood. 
claimed that pits increase the fibrillar 
deviation radial walls, thereby reduc- 
ing the radial shrinkage. Pentoney (7) 
stated that although this may 
anism involved the differential 
shrinkage, cannot, itself, explain 
the phenomenon. 


Morath (8) hypothesized that 
discrepancy 
values was due the alternating ban:'s 
wood components different 
sities (springwood and 
found woods the temperate 
Pentoney (8) examined this theory 
perimentally, measuring the 
values springwood and 
Douglas fir, and concluded that 
largely explained the differential shrir 
age this wood. Ritter and 
(9), however, also empirically 
ined the theory, using longleaf 
specimens. Their conclusion was 
the 
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only minor contributing factor 
differential transverse shrinkage. 


Another theory, advanced Frey- 
(3) relates differential shrink- 
the shrinkage properties the 
middle lamella. There 
cord the literature this theory 
ing tested other investigators. 


With the hope that additional data 
ight clarify the role ray tissue 
shrinkage, this experiment 
undertaken determine (1) the 
difference between shrink- 
ace values ray and adjacent tissue, 
(2) what factors other than differences 
Orientation crystalline areas the 
cll wall might contribute differences 
shrinkage values ray and adjacent 
tissue, and (3) whether isolated fiber 
tissue shrinks differently the tangen- 
tial and radial directions. Data were col- 
lected permit examination the fol- 
lowing possible causes for any differ- 
ences that might exist between radial 
shrinkage fiber and ray tissue: (1) 
differences density tissue type, 
and (2) differences fiber saturation 
point tissue type. 


Experimental Design and Procedure 


Red Oak (Quercus borealis Michx. 
F.) was chosen for the experimental 
work because contains broad rays 
which are large enough provide spec- 
imens size easily handled and 
measured. Four small trees 
inches diameter) were felled and 
three-foot bolt was taken from the butt 
section each. Four cross-sectional 
discs approximately one-inch along the 
grain were removed from each bolt. 
Two small radially adjacent blocks, 
suitable for sectioning microtome, 
were removed from each the sixteen 
discs from portions having approxi- 
mately the same rate growth. These 
blocks were stored water until the 
tions the discs were stored damp 
sawdust they might used later 
determine the shrinkage values the 
wood. One block each radial pair 
was used determine the specific grav- 
ity; the other provided material for the 
tissue-shrinkage study. 

Radially cut sections 
tissue and radially and tangentially cut 
sections fiber tissue, approximately 
microns thick, were prepared from 
block with microtome. After 
tissue specimens size 
conveniently measurable were dissected 
using scalpel glass slide. The tan- 
gentially cut specimens fiber tissue 
had the broad rays removed but con- 
some small rays. addition 
tissue-shrinkage specimens, tangen- 
mately microns thick were cut from 
the blocks for the determina- 
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tion the density ray and fiber 
tissue. 

The tissue-shrinkage specimens were 
glass slide, covered with 
cover slip, and measured precision 
micron 125 diameters magnifca- 
tion using microscope equipped with 
mechanical stage and calibrated filar 
micrometer ocular. Each specimen was 
measured successively the saturated 
state and 15, and percent 
moisture content. Moisture content, in- 
termediate between saturated and oven- 
dry, was controlled conditioning the 
specimens, with the cover 
moved, equilibrium, and measuring 
them, humidity rooms regulated 
the equilibrium conditions each 
moisture content level. Oven-dry spec- 
imens were conditioned oven con- 
trolled 212 degrees and were 
measured immediately upon removal 
while the glass slide and section were 
still hot. From these measuremnts, per- 
centage shrinkage from green oven- 
dry, based green dimension, was 
computed the conventional manner 
for each specimen radially cut ray 
and fiber tissue and tangentially cut 
fiber tissue. 

The fiber saturation for cach 
type specimen was determined 
the shrinkage method which based 
the fact that shrinkage does not accom- 
pany moisture content reduction above 
the fiber saturation point but essen- 
tially rectilinearly related moisture 
loss below the fiber saturation point. 
Therefore, graph plotted with 
the moisture content the axis the 


abscissa and the dimensions the spec- 
imen the axis the ordinate, the 
plot will straight line paralled 
the axis the abscissa from the initial 
saturated moisture content the fiber 
saturation point where will intersect 
with the sloping line expressing dimen- 
sion function moisture content 
below the fiber saturation point. Thus, 
the moisture content fiber saturation 
point may graphically determined for 
specimen for which dimensions 
various moisture content percentages be- 
tween the saturated and oven-dry con- 
ditions are known. The shrinkage-mois- 
ture content relationship not truly 
rectilinear but, with little error, may 
considered for this purpose. Figure 
shows curves typical the type used 
for the fiber satura- 
tion points. all, shrinkage from 
green oven-dry, and moisture content 
fiber saturation point, were deter- 
mined for radially cut ray specimens 
and each radially 
cut fiber specimens, making total 
specimens. 

The section for tissue-density deter- 
mination were photomicrographed 
the green condition and the pictures 
were enlarged 1300 diameters. For 
each randomly selected ray and 
fiber cells measurements were taken 
areas occupied the cell walls and 
lumina the section perpendicular 
the long axis the cells the 
type. Thus, transverse 
sections were used respectively for fiber 
and ray studies. planimeter was used 
determine the areas the cells and 
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their lumina the pictures. Since 
the thickness all 
graphed was the same, relative density 
factor based cell-wall area per unit 
area tissue could computed. The 
relative density factor the tissue was 
computed the equation, 
RDF 1.5 (OA-LA) 
(OA) 

which RDF relative density fac- 
tor (swollen cell wall material as- 
signed value 1.5 yield factor 
approximating specific gravity.) 

overall area occupied cell 

area occupied lumen 


The factor computed the above 
equation does not consider the end 
walls the cells either tissue type 
and consequently yields value which 
slightly low, particularly for the ray 
tissue. 

The radial and tangential shrinkage 
the wood was determined measur- 
ing radial and tangential shrinkage 
blocks two inches long cut from the re- 
maining portions the green discs 
which were stored damp sawdust, 
The moisture content fiber saturation 
point for each the thirty-two blocks 
was also determined. 


Results and Discussion 


The results the shrinkage measure- 
ments specimens the radially cut 
broad ray tissue and both the radially 
and tangentially cut fiber tissue are 
found Table 

evident that ray tissue shrinks 
only fraction much the radial 
direction does the adjacent fiber 
tissue, Although variation within 
tissue type was appreciable, case 
did the shrinkage ray tissue approach 
that fiber tissue magnitude, and 
differences were found statistically 
very significant the use the test. 
The striking difference shrinkage per- 
centages ray and fiber tissue clearly 
suggests that the rays may exert im- 
portant influence differential shrink- 
age. 

The average tangential shrinkage 
fiber tissue was 14.01 percent, which 
was not statistically greater than the 
value for radial shrinkage (11.97 per- 
cent) the five percent level. These 
figures suggest that, for fiber tissue 
least, differential fibril alignment 
radial and tangential walls probably 
not important factor differential 
transverse shrinkage. 

Differences shrinkage fiber and 
ray tissue may partially explained 
differences fiber saturation point, 
the values for which appear Table 

The average value for fiber tissue 
determined from radial shrinkage 
considerably higher than that for ray 
tissue. the case shrinkage per- 
centage, this difference was found 
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Table 1.—RADIAL AND TANGENTIAL SHRINKAGE VALUES RAY AND FIBER TISSUE 


Tissue Type 
Radially cut ray tissue__---- 
Radially cut fiber 
Tangentially cut fiber 


*Based green dimensions. 


Specimens 


Radial Tangential Standard 
shrinkage shrinkage deviation 
Per Cent* Per Cent* 

2.51 0.58 

11.97 2.79 

14.01 3.59 


Table CONTENT FIBER-SATURATION POINT RAY AND FIBER TISSUE 


Moisture content 
radially determined 
fiber-saturation 


Tissue type Specimens 


May 16 
Fiber tise. 16 
Fiber tisue............ 16 


statistically very significant the use 
the test. Average fiber saturation 
point values for fiber tissue determined 
form radial and tangential shrinkage 
values were respectively 25.57 and 
30.15 percent moisture content (from 
Table and, like shrinkage values, 
were not statistically significant the 
five percent level. 

Another possible cause for differences 
ray and fiber shrinkage was found 
density differences between the two 
types tissue. The average relative 
density factor for fiber tissue was 1.14, 
whereas that for the ray tissue was but 
0.76. Microscopic observations swell- 
ing ray cells indicated that the lumina 
did not change measurably dimen- 
sion and hence, like fiber tissue, shrink- 
age ray tissue may expected 
proportional specific gravity (10). 

should noted that density dif- 
ferences may not great the den- 
sity factor would indicate, because the 
end walls the cells which are not con- 
sidered would have more pronounced 
effect ray tissue, tending all prob- 
ability decrease the difference den- 
sity the two tissue types. However, 
the apparent difference density 
the two types tissue suggests that cor- 
relation between gross total ray 
volume and differential shrinkage may 
misleading the density difference 
between rays and surrounding wood 
not also considered. 

The shrinkage the wood, deter- 
mined the shrinkage the 2-inch 
blocks, was 5.14 percent radially and 
percent tangentially. These two 
average figures fell between the shrink- 
ages the two tissue types. The tan- 
gential shrinkage value may low 
because the shrinkage blocks were cut 
from discs small radii. 


Summary and Conclusions 


The study has clearly shown that 
radial shrinkage broad ray tissue 
red oak only small percentage 
that adjacent fiber tissue. The lower 
shrinkage ray tissue may partially 
explained lower fiber saturation 
point and density. 

was found that there was ap- 
preciable difference between the radial 


Per Cent 
17.6 


Moisture content 
fiber-saturation 


t point tangentially Standa:d 
point determined deviation 
Per Cent 
4.66 
25.6 2.59 
30.15 7.79 


and tangential shrinkage fibers. 
would suggest that the theory that 
ferential shrinkage stems from differe: 
tial fibril alignment the radial 
tangential walls probably not appli 
able least the fiber tissue 
oak. 


The shrinkage gross wood san 
ples was found lie between the 
determined the shrinkages the 
ray-restraint theory, the radial 
was only slightly higher than that 
the ray cells. 


Until the elastic properties ray 
tissue are precisely 
quantitative influence rays radial 
shrinkage will difficult determine 
illustrate. However, the restraining 
action rays important factor 
contributing differential transverse 
shrinkage cannot disregarded. 
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Boil Resistance Blended Urea— 
Melamine Wood Adhesives 


Monsanto Chemical Co., Springfield, Massachusetts 


The effects various ratios melamine resin/urea resin 
the resistance plywood boiling water was investigated. Bond- 
ing variables were time assembly, moisture and filler content. 


Based four boil cycles, the performance was roughly pro- 
portional the amount melamine resin used. Even 10% 
melamine resin extension fractional boil resistance was obtained 
and time assembly was found non-critical with regard 


shear strength. 


Introduction 


GENERALLY recognized that 

the addition melamine resin 
urea adhesive mix improves the dur- 
ability the resulting wood bond. 
Although considerable data has been 
published comparing the water resist- 
ance and durability the various 
types wood adhesives, the amount 
data regarding the adhesive charac- 
teristics melamine and urea resin 
combinations surprisingly limited 

This report presents the results 
preliminary investigation the wood 
bonding characteristics obtained 
blending powdered melamine resin 
with liquid urea resin over wide 
range concentrations. The investi- 
gation was undertaken establish 
basic information and indicate 
relative durability. not implied 
that each formulation optimum. 

Except few cases, the effect 
the exposure alternating period 
boiling water and drying 145° 
used the criterion bond qual- 
ity. Although controversial its 
correlation durability, this method 
offers fast, convenient 
reproduced method for 
vere conditions adhesive bond. 
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II. Conclusions 


The resistance the bond 
the cyclic boil and dry test used this 
study almost proportional the 
melamine resin content the mix. 


For the mixes studied, severe 
tests showed that maximum properties 
were not obtained before assembly 
time two hours. Less severe tests 
did not indicate this fact. 


The bond was 
lowering the moisture content the 
veneer open assembly periods. 


When the melamine resin/urea 
resin ratio was reduced 10/90, the 
bond was able 
periods boiling water. Also the 
effect assembly time from five min- 
utes seven hours was minimized. 


Commercial blends melamine 
resin/urea resin the ratio 50/50 
show uniform shear results under se- 
vere tests over assembly time range 
fifteen minutes seven hours. 


Experimental Details 


Mix Compositions: cover 
the concentration range, six adhesive 
mixes shown Table were used. 
spray dried melamine resin was used 
various proportions with liquid 
urea resin syrup having approxi- 
mate PMMA solids 60%, and 
viscosity 450 cps. 25° For 
Mix No. straight urea resin, the 
shell flour was modified slightly for 
viscosity purposes. The difference was 
later corrected: for adjusting the 
spread resin solids. 

the base resins, fixed quantities 
shell flour and ammonium chloride 
were added with variable amounts 
water result fairly comparable mix 
viscosities and solids contents. 


Bonding Conditions: 


MSGL. Except when noted, resin 
solids were maintained constant. 
The veneers were spread with 
26” rubber covered rolls. 

Pressure—200 psi. 

Construction—3 ply, 20” 
20”, all yellow birch veneer con- 
struction. 

Assembly Closed, Varied 
from minutes hours. 

Press min. 240° 

Veneer Moisture Content—7-8%. 


Testing: Test conditions for 
total specimens per test, pre- 
pared according existing standards 


Dry Shear 

hours room temperature water 
soak and test wet. 

hours soak 145° and test 
wet. 

Cyclic, Room temp. water soak 
and dry 145° 

order subject the bond 
severe conditions, cyclic boil 
and dry series was used fol- 
lows: 


Designation on 
Code Figures Cycle 
hr. Boil hrs. boiling water—cool 
' in water and test wet 

hr. Boil hrs. boiling water—20 
hours 145° F—50 air— 
4 hours in boiling water—cool 
water and test wet 

hr. Boil hours boiling water— 
4 hours in boiling water— 
20 nours at 145° F in air— 
hours boiling water— 
coil in water and test wet 
20 hours at 145° F in air- 
hours boiling water— 
hours boiling water— 
20 hours at 145° F in air- 
4 hours in boiling water— 
cool in water and test wet 


Modified boil cycles less than 
hours—Samples boiling wa- 
ter for specified time, then 
cooled water and tested wet. 


Forty-eight hour soak tests established 
that full cure the resin bond occurred 
the press and not result boil- 
ing water. Except where noted in- 
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Table MIX FORMULATIONS—PARTS WEIGHT 


Urea Resin B (60%)**____._....-_-_-_- 0 50 83.5 116.5 150 166 

Ammonium Chloride_-_-_______________- 0.25 0.25 0.25 0.25 0.25 0.25 

Melamine Resin A/Urea Resin 70/30 50/50 30/70 10/90 0/100 

58.8 58.0 57.0 56.6 55.8 54.6 
Bonding Conditions 


Spread—Approximately Resin Solids maintained constant. 


Pressure—A. Yellow Birch—200 P 


Red Gum and Yellow Poplar—150 PSI 


Construction—3 Ply, 34’, 20” x 20’, all veneer constriction 


Time Assembly—Closed, varied, 5 min. to 7 hours 
Press Time—5 min. 240°F. 
Veneer Moisture Content—7-8% 


*Commercial spray dried melamine formaldehyde resin adhesive. 
**Commercial liquid urea resin adhesive—PMMA Solid 60%. 


stance) all results given here are for 
specimens boiled for various periods. 


obtain true representation each 
panel, the test specimens were selected 
randomized basis. The effects 
lathe checks were minimized 
versing the kerf cuts for every other 
test strip. The selection test speci- 
mens and the method cutting 
illustrated Table II. Specimens were 
tested the Laucks modification 
the Riehle shear tester which util- 
izes water and air pressure for exerting 
the breaking force. 


TABLE 


IV. Conclusions and Discussion 
Results 


Melamine Concentration: Us- 
ing the average all panels not show- 
ing the effect short time assembly, 
Figure shows that increase the 
melamine concentration will result 
more boil resistant adhesive almost 
proportion the melamine resin added. 
Although the curve for the 70% mela- 
mine resin very similar the 100% 
melamine resin, the wood failure shows 
the superiority the order 
more graphically represent the effect 
melamine the strength retention, 


PANEL SPECIMEN SCHEME 


Hour Soak 

Hours 
Cyclic Soak Dry 
Hour Boil 

Cycle Boil 


Figure plotted using the four hour 
boil the base point. This eliminates 
the erratic drops experienced the 


Percentages given are for the mela- 
mine resin concentration based 
total resin shown Table 
though the boil periods are recorded 
continuous the specimens were ex- 
posed according the plan shown 
the Section 


tion Fig. and shows that increas- 
ing time assembly periods result 
improved shear strength. significant 
note the 70/30 resin bond shows 
uniform shear strength over the 
assembly time range when exposed 
hour boil cycle, but when 
hour cycle boil the effects 
assembly time becomes apparent 
loss wood failure. This, 
remembered characteristic the 
mix studied. Improvement 
shear strength the shorter 
ranges would necessitate 
the catalyst system, the filler 
tent, and/or the resin. 


20% shell flour apparent 
was experienced either resin mixing 
spreading. 


the short time assembly 
Table III shows the effects 
mental shell flour additions the bond 
strength following hour boil. The 
use shell flour improve the shear 
strength after boil the shorter assem- 
bly ranges illustrated. 


Based the hour boil test, can 
concluded that improvement shear 
strength short assemblies time 
possible with the use shell flour. 


Table SHELL FLOUR 
ASSEMBLY TIME SHEAR STRENGTH 


Time Assembly (Min.) 


280- 0 290- 0 340- 0 
310-10 320-10 380-10) 
360-20 400-20 400- 4 


*Mix contains 40% Melamine 
Urea Resin B Construction 3 ply %% birch sprea 


Veneer Moisture Content: For 
the two methods used study the 
fects moisture content the 
glue bond, was found that 
ing the moisture content resulted 
improved shear strength. Fig. 
(B) moisture content was 
conditioning the veneer different 
tive humidities. Fig. (A) the 
open time assembly which 
sulted lower moisture content 
compared the closed time 
using veneer conditioned 7-8 
cent moisture. 
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SHEAR STRENGTH (PSI) 


Figure melamine/urea ratio boil 
resistance birch plywood. 


Figure (right).—Effect melamine/urea resin ratio boil 
resistance birch plywood. 


RATIO 


RATIO, MELAMINE RESIN 4/UREA 
B 


(s) 
- & OF 


wooD 
SHEAR STRENOTH 


X MELAMINE RESIN A/UREA RESIN B 


100/0 

70/30 
50/50 
ag 30/70 


4 
ASSEMBLY TIME (HOURS) 


Figure 3.—Effect assembly time melamine fortified 
8-hour boil. 


urea resins, 


Resin Combinations Low 
Melamine Concentration 


Discussions now were con- 
cerned with adhesive characteristics 
the melamine/urea resins with 
tempt dwell any one concentra- 
Completion this work added 
our knowledge melamine/urea 
resins they are being used today, 
that is, the straight melamine resin, and 
resins combinations ap- 
50/50 concentrations. 


was felt that even small con- 
entration, melamine resins would con- 
‘ribute desirable properties the urea 

ond. establish this fact Mix Ta- 
was thoroughly investigated. Ad- 
antages were shown which are de- 
the following paragraphs. 


OURNAL FPRS 


SHEAR STRENOTH (PSI) 


WOOD PAILURE () 


Although test results following the 
less severe exposure tests (see III-C- 
are not included they 
indicate that for all practical purposes 
adhesion differences could 
found for Mix and unextended 
urea resin, Mix No. Based, how- 
ever, cyclic soak and dry test, 
the incorporation small quantity 
melamine resin tends make the 
assembly time less critical. This 
shown Fig. The catalyst system 
used simple one, and possible 
that modifying the system for the 
straight urea resin more consistent 
shear strength could result, but al- 
most certain that improvement one 
portion the assembly time range 
would aggravate conditions the op- 
posite range. 


Figure 4.—Effect 
urea resins, 


100% VALUE EQUAL 
BN SMEAR STRENGTH APTER 4 HOUR BOIL 


RESIN 
@@ 70/30 


RATIO, MELAMINE RESIN A/ 
UREA RESIN B 


100/0 
eo =70/3%0 
50/50 


i 
WOOD PATLURE (#) 


4 


ASSEMBLY TIME (HOURS) 


assembly time melamine fortified 
16-hour boil. 


terms boil resistance, low mela- 
mine containing Mix No. will not 
pass any known specification. However, 
shorter boil tests can taken 
measures durability, then the addition 
per cent memamine resin will im- 
prove the adhesive limitations urea 
resin shown Fig. both cases 
and B), urea bonded specimens 
were found delaminated the end 
hour boil period. From both Fig. 
and the incorporation per 
cent melamine resin urea resin 
warranted cases when time assembly 
and/or incremental im- 
provements water resistance the 
bond are desired. 

The experiments described should not 
taken commercial practices but 
were designed study the adhesive 
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Assembly Time (Days) 


SHEAR STRENOTH (PSI) 


4 


Closed Assembly Time (Hrs.) 


Mix 10/90 MELAMINE RESIN A/UREA RESIN B 


- «1/2 Boil 
tr. Bot) 


3 ply, 3/24" Birch 


SHEAR STRENGTH (PSI) 


1/2 Hr. Boil 


3 ply, 3/16° Bireh 


WOOD PATLURE - Of 


2 
ASSEMBLY TIME (HRS.) 


bond. Birch was chosen because its 
high strength and density. Although 
not shown, constructions using less 
dense wood will show higher wood 
failure. 

The tests used were extreme show 
differences performance. This was 
particularly noticeable the cases where 
the effect the assembly time did not 
show until the second third four- 
hour boil cycle. 

Figure shows how current com- 
mercial formulations are designed 
give good time assembly ranges even 
when judged severe test the 
hour boil test. 
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Advances Polyvinyl Acetate Glues 


For Woodworking 


Development Engineer, National Adhesives, New York, New York 


discussion the development and use vinyl acetate resins 
and vinyl acetate copolymers for the woodworking field from their 
earliest beginnings the present time. outline the use 
polyvinyl acetate solution form, and the subsequent development 
emulsion technology which led the widespread use these 
resins joint assembly for furniture manufacture. Reasons for the 
rapid growth the copolymers polyvinyl acetate are also 


discussed. 


INYL RESIN ADHESIVES are relative 

newcomers the woodworking 
trade, representing the development 
new synthetic materials that filled the 
gap which occurred due the shortage 
animal and protein adhesives during, 
and immediately following, World War 
The enormous demand for adhe- 
sives used military packaging 
during the war years had met 
materials possessing greater speed, 
strength and durability meet the ex- 
treme service demands far flung 
military operations. These new synthet- 
ics did the job admirably. was logical 
that these remarkable resins 
duced into new fields previously domi- 
nated glues natural origin. 


Early History Polyvinyl 


early 1937, polyvinyl 
acetate began examined pos- 
sible adhesive material for absorbent 
surfaces, ranging from paper leather, 
building materials, and wood. Prior 
this time, polyvinyl acetate was known 
largely the form solid resin, 
solution the solid resin 
solvent, and had been use im- 
pregnant for wood, (5) thermoplastic 
cement for wide range surfaces, 
and ingredient finishing mate- 


parentheses refer literature 
cited the end this paper. 
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rials. Needless say, the solid and 
solution forms gave little promise 
production adhesives due fact 
that their setting rate was completely 
dependent upon the evaporation rate 
the solvents employed, and was further 
influenced the fact that films de- 
posited from solvent solution had 
tendency retain solvent within the 
film over long period time. The 
latter fact induced softening which 
materially impaired the adhesion the 
surfaces, especially under conditions 
elevated temperature. 

The first practical adhesives based 
emulsions polyvinyl acetate were 
produced 1939 National Adhe- 
sives, and early 1940 similar 
formulations were submitted the For- 
est Products Laboratory Madison for 
Government tests gluing waterproof 
kraft shipping containers. (8) Since 
that time the technology polyvinyl 
panded with amazing swiftness. 


Advantages Emulsion Form 


The introduction the emulsion 
form polyvinyl acetate freed the user 
from the need adjust evaporation 
rates solvent, and opened com- 
pletely new field adhesive technology 
based resin emulsions. 

understand polyvinyl resins 
their adhesive use, mecessary 
have some grasp the theory emul- 
sions and why they operate they do. 

tiny particles the resin suspended 
dispersed water, and kept 
form size and degree distribution 
means carefully selected emulsifying 
agents. Emulsifying agents are materials 
which are mutually soluble both the 
resin and the liquid phase the 
emulsion. you sample emulsion 
random, the sample will reveal, under 
the microscope, range particles 


size, yet uniform their 
structure and their relative distribu- 
tion. 

absorbing surface, the aqueous phase 
drawn capillary action into the struc- 
ture the absorbing surface, leaving 
behind the tiny particles resin. These 
particles then fuse together with great 
rapidity form the adhesive film. 

can drawn from the foregoing, 
the setting speed emulsions depends 
upon important factors, Firstly, the 
nature the emulsion, and secondly, 
the absorbing capacity the rate 
which the absorbing surface can take 
water), and relatively immune 
outside influences, such temperature, 
humidity, pressure, etc. 

Polyvinyl acetate emulsions were first 
introduced fill the need for high 
speed packaging materials, (2) and 
such were unique when compared 
the materials previously 
that field, displaying phenomenal set- 
ting speeds, extremely high strengths, 
and resistance the influence mois- 
ture vapor, the effect greases and 
oils, and also displayed remarkable 
tendency adhere practically any 
absorbing medium. 


Adaptation Wood 

With the need for similar speed 
furniture assembly plus the war-time 
shortage protein and starch glues, 
then wide spread use for the manu- 
facture furniture, was natural for 
the adhesive manufacturer explore 
acetate emulsions for the bonding 
wood. The initial introduction these 
occurred, the best our knowledge, 
1943. The initial reaction these 
adhesives was overwhelming. The fast- 
setting effect was unbelievable people 
who had previously employed hot and 
cold solutions animal glue. Before 
the field could explored properly, 
consumer pressure literally forced many 
manufacturers into supplying what were 
then limited quantities vinyl acetate 
emulsions for joint assembly furni- 
ture, and the preparation dimension 

Coincident with the introduction 
these resins, there was unprecedented 
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consumer demand for furniture, seri- 
ous shortage skilled employees, sea- 
soned and has been stated 
before, shortage both adhesive ma- 
terials and the technology surrounding 
their use. All the above factors con- 
tributed serious troubles which fol- 
lowed the too rapid introduction 
this new material into the furniture 
industry. 

few adhesive manufacturers were 
then investigating and have continued 
extensive exploration the working 
properties these materials respect 
the preparation the emulsion itself, 
and the chemical composition the 
basic resin used. 

Within matter few short years, 
the technology the manufacture and 
use vinyl acetate adhesives has over- 
come many the earlier deficiencies 
present these materials 
yielded material capable producing 
durable joints, available unlimited 
quantities for the woodworking trade. 


Development Setting Speed 


The most important feature poly- 
vinyl acetate emulsions their rapid 
setting speed when contrasted mate- 
rials previously used for joint assembly. 
Without the use auxiliary curing 
methods such radio frequency gen- 
erators, hot presses and strip heaters, 
emulsion adhesives produce workable 
bonds most species North Ameri- 
can woods within periods often short 
minutes. 

One the best comparisons rate 
strength development can found 
thesis prepared George Mc- 
Swain Yale University 1949. (3) 
McSwain compared the setting rates 
well-known vinyl emulsions ani- 
mal glue. Yellow birch veneer lap-joint 
specimens were employed and the dry 
shear was taken over period 180 
minutes. The initial wet strengths 
emulsions and animal glue were found 
approximately the same for the 
first minutes the experiment. How- 
ever, within minutes, the emulsions 
tested displayed better than twice the 
strength the animal glue, and the 
end the first hour the emulsions 
showed range from 550 psi. 750 
pounds contrasted 400 pounds for 
the animal glue. clearly evident 
from test this nature, which has 


been duplicated many times our 


hesive laboratories, that there defi- 
nite factor safety joint strength 
for handling purposes between assem- 
bly joints prepared with emulsion adhe- 
sives, Over joints prepared with animal 
glues. 


Tolerance Clamping Variance 


addition this, studies have been 
made employing block-shear specimens 
determine the influence clamping 
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joints prepared with both 
vinyl acetate copolymers and animal 
glue. 

Bethel and Moore North 
Carolina State College (1) tests were 
made employing pressures psi. 
and 150 psi. 
specimens prepared with hot animal 
glue and vinyl copolymer emulsion 
glues. psi., was shown that 
the average shear strength the vinyl 
resins tested were respectively 3,817 
and 3,273 psi. dry shear, contrasted 
dry shear glue 1,349 psi. for 
animal glue. 

The results obtained 
cantly different 150 psi. The vinyl 
emulsions producing dry shears 3,553 
psi. and 3,647 psi., with 3,694 psi. for 
the hot animal glue. 

The above results give some indica- 
tion the advantages employing 
vinyl copolymer adhesives joint 
assembly. seldom possible main- 
tain clamping pressure for prolonged 
period time ordinary production 
work. Depending upon the nature 
the fit the joint, internal pressures 
will range from zero between the joint 
faces several hundred psi. nec- 
essary, therefore, employ adhesives 
which will perform well both low 
and high clamping pressures. There 
increasing tendency the wood- 
working trade allow the joint 
effect produce its own clamping 
pressures; that say, produce 
joint having sufficiently snug fit 
maintain alinement the surfaces 
glued, even without glue being present. 

Under these conditions, can 
assume that pressures are least 
excess psi. and may high 
100 psi. between the joint faces. The 
use such joint restricted the 
natural tendency extremely tight 
fitting joint remove the glue applied 
due the wiping effect when the joint 
assembled. Since such joints are 
common use, however, they are often 
made with vinyl emulsions allow 
wide margin safety, regardless 
clamping pressure. 


Overcoming Plastic Flow 


Many the early difficulties experi- 
enced with polyvinyl acetate emulsions 
appear have been caused the in- 
ability the adhesive withstand 
continuous loading (creep). This prob- 
lem has been approached from several 
directions. Persons who are interested 
the degree creep measurements 
have employed mechanical methods 
loading the joint known value. 
Various systems have been used, 
ing from dead loaded lever arms 
constant pressure maintained 
draulic testing machines, screw pres- 
sure transmitted and maintained 


means calibrated springs, etc. 
addition this, experiments have been 
conducted the past the Forest 
Products Laboratory (9) and others 
panels glued with variety 
adhesives and exposing these panels 
alternating cycles temperature and 
humidity with view towards introduc- 
ing natural wood stresses the glue 
line. 

illustrate how research 
has contributed their widespread 
application the furniture industry, 
would like cite two examples 
the experience own company. 

the first case, the early vinyl 
hesives tested were shown have 
deficiencies respect their ability 
withstand the influence 
loading and elevated 
gardless how the loading was 
plished. was clearly felt National 
Adhesives that these and other 
difficulties could overcome 
revamping the resins employed. 
result, six years ago the first the 
vinyl acetate copolymers 
duced the woodworking trade 
National Adhesives (7). This particu- 
lar copolymer has met with very 
acceptance the woodworking 
primarily assembly glue and also 
adhesive for the lamination 
wood under such specialized conditions 
vacuum-bag molding and the 
wood. This specific vinyl acetate co- 
polymer distinguished its excep- 
tional resistance cold flow 
under elevated conditions both tem- 
perature and loading. Through 
ful choice emulsifying techniques, 
the setting speed this unique copoly- 
mer represented marked increase over 
the very rapid setting speed poly- 
vinyl acetate based adhesives, and 
result became the standard reference 
material for our laboratories 
oping new vinyl copolymer adhesives 
for the woodworking trade. 


Low Temperature Sensitivity 
Corrected 


the second case, discovered 
that the vinyl acetate copolymer this 
formulation, while remarkably success- 
ful the woodworking trade, had 
serious drawback from the standpoint 
shipping the part the 
facturer, and storage the part the 
user. Like most polyvinyl acetate 
sions, this material was sensitive low 
temperatures storage. was 
often coagulated and rendered unfit 
use exposure temperatures 
40° this regard, was not 
since all other emulsion adhesives 
use also suffered from this 
the winter months, was 
for our firm maintain extensive fac 
ities for shipping heated truck, 
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the introduction the material into 
many plants was impaired the need 
for storing this adhesive tempera- 
tures above 40° 


Development Improved 
Copolymer 

Three years intensive research 
and development have produced new 
copolymer.? This resin represents 
further improvement over its predeces- 
setting speed, resistance 
temperatures and loading, easy 
machinability, and completely freeze- 
thaw stable. This unique property 
resistance damage repeated freez- 
ing and thawing now makes the wide 
spread use vinyl copolymer emulsion 
adhesives certainty. 

These results were confirmed the 
North Carolina State College Wood 
Products Laboratory (1) alternately 
freezing and thawing this formulation 
prior gluing for two cycles and test- 
ing dry shear. The results obtained 
indicate, and have been confirmed 
our laboratories many occasions, that 
for some, yet unknown, reason freez- 
ing and thawing this emulsion bene- 
ficial regards strength values 
obtained dry shear. 

The unfrozen emulsion had 
average dry shear strength 3,495 
psi. and after two cycles freezing 
and thawing average strength 
4,144 psi. 

This property represents definite 
safety factor the part the user, 
and insures against damage the 
adhesive during shipment and storage, 
thus protecting the user from the pos- 
sibility inadvertently using frozen 
emulsion. addition, this particular 
product can used shop and mate- 
rial temperatures low 50° 


The Rapid Setting Factor 

The rapid setting speed this co- 
polymer, coupled with its ideal viscosity 
for machine application, has brought 
about many changes the operation 
those furniture plants which have 
adopted its use. 

This material ideally suited for use 
pressure applicators, both the hand 
operated and the compressed air type, 
for the positive injection glue into 
dowel holes, into grooves, corners, for 
blocking purposes, and into many other 
locations furniture joints. 

Rapid setting speed coupled with the 
small influences clamping 
pressures between and 150 psi., per- 
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mits assembly furniture with only 
brief clamping cycles, prior passing 
the piece the next succeeding opera- 
tion. 

addition, the exceptional bond 
produced the particular copolymer 
between high pressure laminants and 
wood surfaces has led revision 
operations number plants that 
heretofore had employed catalyst acti- 
vated resins casein glues the pro- 
duction dinette tables, sink and 
counter tops, and plastic faced furni- 
ture (4). now possible schedule 
goods flat laminating operation 
gluing stack-wise, followed short 
press cycle and then removing the 
goods from the press. Additional bond 
strength develops without the need for 
baling. this way the efficiency 
the press increased the number 
I-beams removed from the bale. The 
labor charges for the handling the 
retainer clamps and the unfinished bale 
are reduced. The efficiency the op- 
eration has even impressed those firms 
which were equipped with single- and 
double-opening hot presses accom- 
plish the same thing. The press time 
thus coming very close the produc- 
tion capacity double-opening hot 
press, without the attendant expense 
glue preparation, operation and invest- 
ment charges. 

can seen from the foregoing, 
the development polyvinyl adhesives 
has followed pattern not unique 
the marketing new chemical devel- 
opments, One one, the initial limita- 
tions new material have been set 
aside make the benefits 
can chemical technology available 
industry. 

The astounding growth polyvinyl 
adhesives has been due largely the 
fact that they are very fast setting, high 
strength materials, they are ready for 
use, they bond wide variety 
materials including wood, high pres- 
sure laminants, etc. Each year, literally 
millions furniture joints are bonded 
with vinyl adhesives. 

The new vinyl copolymer products 
are completely freeze-thaw stable, have 
good heat resistance under loaded con- 
ditions, and make possible high speed 
furniture production. They have the 
pace for the advancing technology 
the woodworking industry. 
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Discussion 


Gill (Peter Cooper Corp.): 
would like say that the animal 
glue industry are complimented that 
our product has been selected 
standard which other adhesives are 
measured. would also like ask Mr. 
McCormack—Has the property creep 
cold flow vinyl type resins, which 
brought about loading heat, 
been eliminated 


Mr. McCormack: would like 
make distinction between polyvinyl 
acetate emulsions used for wood work- 
ing and the newer vinyl acetate copoly- 
mers. Whereas the former materials 
were often unsatisfactory 
standpoint resistance load ele- 
vated temperature and thus were pos- 
sessed certain short comings which 
minimized their acceptance industry, 
the vinyl copolymers have replaced the 
earlier resins due their ability 
withstand high proportional loading 
temperatures well outside the range 
that furniture and wood products may 
manufacture, shipment and service. 
this distinction terminology and 
physical properties which should 
brought the attention the entire 
industry. Namely, proper understand- 
ing the differences will prevent con- 
fusion the facts and lead intel- 
ligent use these new materials. 
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Evaluation Glues and Glued Products 


BLOMQUIST 


Both the initial quality glue joint and its durability under 
expected service conditions must considered selecting wood- 
working glue. Factors that cause glued joints wood deteriorate 
include moisture, heat, microorganisms, and mechanical stresses that 
develop result dimensional changes the wood. Methods 
now available for evaluating the durability glued joints include 
long-term exposures controlled conditions and weathering, 
actual service tests, and accelerated durability tests. The advantages 
and limitations each these methods reviewed with typical 
examples. There great need for further coordinated service test- 
ing and the development more reliable accelerated durability 
test methods for glues and glued products. 


Introduction 


NTERESTING NEW 

are being introduced the public 
every day. News items feature lami- 
nated baseball bats bowling pins, 
outdoor furniture, do-it-yourself items 
that the handy man can make ply- 
wood, huge naval vessels, small boats, 
and modern furniture with pleasing 
molded curvatures—all wood, Usu- 
ally special mention made the 
glue the gluing process involved; 
apparently gluing assumed 
simply another step production, like 
seasoning, machining, finishing. 

Fortunately, information available 
that enables the glue user select 
glue suitable for the expected service 
and use that satisfactory joints 
are consistently number 
cases, however, premature enthu- 
siasm over new, incompletely eval- 
uated woodworking glue has resulted 
its use with unsatisfactory perform- 
ance the glued article actual use; 
often this tended discourage the 
use that article for time, regard- 
less its potential advantages. Ply- 
wood probably example 
this. types plywood made 
with nondurable glues were sometimes 
unwisely used where moisture resist- 
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ance was required. The failures that 
resulted caused people think all 
plywood nondurable and therefore 
inferior solid wood, even after 
newer types plywood, made with 
really durable glues, were introduced. 
The plastics industry has experienced 
similar problems. 


For these reasons procedures are 
needed for evaluating the new glues 
being introduced for use wood. 
These procedures should evaluate both 
initial joint quality different species 
and different constructions and per- 
formance typical constructions dur- 
ing years actual service. Techniques 
are also needed for checking the quality 
joint made with any glue over 
period time, both from the stand- 
point the glue raw material, and 
uniformity joint quality from day 
day and month month. 


Joint quality will always depend 
both the glue itself and the way 
which used the gluing 
process. This, course, means that 
both the glue manufacturer and the 
glue user are responsible for the quality 
the final glued product. Both, there- 
fore, have stake the problem 
evaluating and glued joints. 


Several mechanical test methods have 
been developed the Forest Products 
Laboratory and elsewhere for determin- 
ing the initial dry strength glue 
joints shear, tension, cleavage 
These tests are relatively easy 
conduct and, when results are properly 
interpreted, are generally considered 
adequate. However, attempts are being 
made improve the test methods and 
the methods sampling, and apply 
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work. 


The problem determining th: 
probable performance various 
service different environmental co: 
ditions much more complex and 
that has not received the attention 
deserves. Because the various resin 
nonresin glues vary the permanenc 
that they can impart glued article 
general discussion methods fo: 
evaluating the durability woodwork 
ing glues order. But first let 
review the factors believed 
sponsible for the degradation 
joints wood articles service. 


Probable Causes Deterioration 
Glue Joints 


any glued joint wood 
remain serviceable long-time use 
must first properly made; that is. 
its initial dry strength must ade 
quate. Regardless how durable 
glue is, reason its chemical 
mulation, the resultant joint cannot 
expected perform well use unless 
the initial joint quality high. For 
this reason important develop 
suitable techniques for gluing with 
each glue and then keep adequate 
control over each step the gluing 
process. 


External Mechanical Stresses: One 
often sees demonstrations which 
table top flush door suspended 
across two planks and loaded the 
center with elephant, small auto- 
mobile, group men women. 
This sort demonstration spectacu- 
lar, but may not 
conditions, since external loads this 
type are not typical for such glued 
types glued-wood constructions. 
such prefabricated house panels, ex- 
ternally applied loads due snow 
wind, the weight roofs, may 
important and may ultimate 
failure. The impact balls strik- 
ing laminated bat bowling pin ar: 
other examples externally appliec 
loads. Perhaps the most common meth. 
ods for evaluating the effect 
loads glued joints are the conven- 
tional shear tests that are applied 
glue joints. these tests, the externa! 
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machine. For many glued construc- 
tons this type external stress not 
important some the factors 
discussed later. 


Internal Mechanical Stresses: 
wood picks moisture from 
‘ne surrounding air, swells; when 

moisture the air, shrinks. 
dimensional changes day 
day due normal variations 
conditions. some cases, 
the wood may caused 
actual immersion water. Finishes 
ind other treatments may reduce these 
but will not ordinarily prevent 
them. These dimensional changes 
wood may cause severe mechanical 
stresses the glue joints. Although 
not possible avoid these internal 
stresses, the magnitude these stresses 
will depend the design the glue 
joint, the species involved, the mois- 
ture content the wood when glued, 
and the atmospheric moisture condi- 
tions service. 

certain types joints, internal 
stresses may reduced somewhat 
niques. These require that the same 
species glued together, that the 
pieces very nearly the same 
specific gravity and the same mois- 
ture content when glued, and further, 
that this moisture content nearly 
possible that the average mois- 
ture content expected service. 
Any piece wood will swell most 
the tangential direction, less 
radial direction, and only very slightly 
longitudinal direction for given 
moisture-content change. Mechanical 
stresses, therefore, can minimized 
gluing surfaces that are parallel and 
similar grain, tangential tan- 
gential, radial radial. This type 


Figure 1.—Delamination veneered 
panel caused dimensional changes the 
iumber core from moisture content changes. 
The edge-glued lumber core the bot- 
The core the middle panel was 
satisfactory moisture content when glued, 
vhereas the core the top panel was too 
dry and subsequently swelled excessively 
ervice. Cores and veneers were matched 
gluing was done the same time 
under good conditions. Panels were all 
together. 
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design is, course, impossible 
gluing plywood. 

certain end-to-side grain joints 
used corners doors furniture 
frames such severe mechanical stresses 
may develop make them unsuit- 
able for glued construction without 
resorting dowelling similar me- 
chanical Often glue joint may 
entirely intact, show reasonably high 
shear strength and high wood failure 
initial tests, but later delaminate 
excessively because swelling and 
shrinking the wood without under- 
going any actual chemical degradation 
the glue itself. furniture other 
items used indoors cold climates, 
joints first appear adequate and fail- 
ure may not observed for several 
months. When joint failure ob- 
breakdown the glue. The actual 
cause failure more likely 
insufficient inherent initial mechanical 
strength the joint resist the inter- 
nal stresses set when the moisture 
content the wood changes with 
variations atmospheric conditions 
from summer winter vice versa. 
This may true even though the 
joints were strong enough withstand 
considerable external stresses process- 
ing and shipping. 

tests glued laminated boat 
members made with durable-type glues, 
some joints that gave high shear 
strengths and nearly complete wood 
failure the initial tests delaminated 
excessively when alternately immersed 
water and dried subjected high 
and low humidity conditions; yet there 
was evidence that the adhesive was 
degraded any way. These findings 
suggest that these internal mechanical 
stresses, due swelling and shrinkage, 
may either different type 
are more severe than the external 
forces applied the test machine, even 
when these latter forces cause nearly 
complete wood failure shear. The 
soaking-drying delamination tests now 
being used glued wood products 
make use these stresses. 


conventional 
tion, advantage taken the fact that 
wood changes very little dimensionally 
the direction the grain com- 
pared across the grain result 
changes moisture content. Thus 
placing the grain adjacent veneer 
plies right angles each other, 
glued wood product with much im- 
proved dimensional stability 
duced. This type construction, how- 
ever, puts severe requirements the 
glue joints, since the restraining action 
the crossbands effective only 
long the glue joints remain intact. 
Figure shows typical edge-glued 
lumber core and two 5-ply veneered 
panels with such core after few 


Figure 2.—Separation joint edge- 
glued panel caused swelling- 
shrinking stresses the wood due 
moisture content changes. Photograph under 
slight magnification was taken looking down 
the upper edge glue joint near the 
elastic glue line under such stress without 
actual glue separation. 


weeks high humidity condition 
typical summer weather. 
center panel the moisture content 
the core was that was 
reasonably close that service. 
the upper panel the core the same 
species was somewhat drier than would 
normally desirable. Both panels 
were well glued with room-tempera- 
ture-setting urea-resin glue that the 
apparent initial joint quality was ade- 
quate. However, exposure normal 
room conditions caused excessive swell- 
ing the drier core and delamination 
the joint between core and crossband 
the upper panel. 
jected moisture changes will thus 
produce moderately severe stresses 
the glue joint. This accounts for the 
failure some plywood under what 
would otherwise appear mild 
conditions service. 


Many conventional types joints 
for wood have been designed the 
assumption that the glue itself will 
remain very rigid and inelastic the 
glue line and thus hold the two ad- 
jacent surfaces rigidly together during 
the life the article. This particu- 
larly true for edge-glued joints solid 
lumber chair seats table tops. 
Glues that retain some permanent elas- 
ticity the joint are likely yield 
stresses caused movement the 
wood, and objectionable 
opening the joints noted figure 
Such failure may attributed in- 
correctly deterioration the glue 
rather than its elasticity cold flow. 
certain other joints, such those 
furniture assembly work with dowels 
mortise and tenons where unusual 
grain orientations are presented for 
bonding, such relatively flexible ad- 
hesive may have distinct advantage. 
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Figure 3.—Delamination 6-inch 
test pieces plywood different species 
and constructions after the two cycles 
soaking and drying prescribed for Type 
plywood Commercial Standard CS35—49. 
All panels were glued with soybean glue 
under good gluing conditions. From left 
right panels were: %-inch 
Douglas-fir, 3/20-inch yellow-poplar, 
¥%-inch yellow-poplar, 3/20-inch sweetgum, 
sweetgum, and %-inch red oak. 


Water and Moisture: addition 
the mechanical stresses that result 
from moisture changes the wood, 
high moisture content may affect the 
glues themselves. Moisture may soften 
them, particularly those that exist 
jell-like condition the joint, with 
some the older nonresin glues, 
promote hydrolysis similar chemical 
action, particularly with some the 
protein glues. Probably very few the 
woodworking glues used today are ac- 
tually water soluble the cured 
hardened condition, but some them 
slowly absorb water somewhat does 
wood itself. The result physical 
softening and some cases leaching 
out certain components the glue. 
The strength the glue may re- 
duced that when some external force 
applied the glue line while 
moist, failure will take place. These 
facts are the basis for the conventional 
panel delamination test used for eval- 
uating plywood according current 
versions Commercial Standards for 
Plywood (12, 13). this test 6-inch 
6-inch squares are subjected 
soaking and drying cycle. Glues that 
are softened moisture may fail be- 
cause internal stresses caused 
swelling the wood two adjacent 
plies opposite directions. Different 
degrees delamination panels 
the same 3-ply, 3/16-inch 
construction several species, all glued 
with soybean glue, after two such 
soak-dry cycles are shown figure 
Hydrolysis may occur under some 
these moist conditions but probably 
takes somewhat longer become 
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ous than does physical softening the 
glue line. 


Micro-organisms: When wood 
reaches moisture content approxi- 
mately percent, number micro- 
organisms commonly present the 
atmosphere will likely multiply and 
grow the wood certain glues. 
They may feed the glue and thus 
cause biological degradation the 
glue joint. This especially true for 
the protein and starch glues highly 
extended resin glues. The use or- 
ganic preservatives, such the chlo- 
rinated phenols, has been increasing 
means affording some protection 
glue lines against these organisms. 


Heat and Cold: Certain types 
glues that exhibit definite thermoplas- 
softened the glued article used 
near source heat. Small radio 
television cabinets enclosures about 
radiators other heating units may 
show this effect. Slippage edge- 
glued joint, made with heat- 
sensitive glue, shown figure 

Effects glued-wood 
joints subzero temperatures have not 
been adequately investigated. Limited 
work (5) exposure such tem- 
peratures followed testing either 
the low temperature room tem- 
peratures indicates that conventional 
woodworking glues are not significantly 
affected solely such low-tempera- 
ture exposure. 


Chemical Degradation: Certain 
chemical changes may occur any 
glue line during its service life. These 
changes may due actual degrad- 
ation the glue, further curing, 
related changes resulting from 
chemical Losses strength 
certain glues and types exposures 
are best explained the basis such 
chemical changes, although the extent 
and the actual mechanisms some 
these degradations have not yet 
been established. Indeed, some 
cases there some question about 
whether the decreases the joint 
strength observed tests are due 
chemical change the glue 
certain other previously mentioned in- 
fluences. 


Heat, which known accelerate 
all chemical reactions, probably 
important factor reducing the dura- 
bility some glue joints service. 
Many glue joints wood are not sub- 
jected excessive temperatures 
service. However, interiors radio 
and television cabinets are exposed 
considerable heat, and exterior parts 
buildings, signboards, railway cars, 
highway trucks and trailers, boats, 
and bridges may subjected both 
high and low temperatures. Data 


actual temperatures service are lim- 
ited. Maximum temperatures 215° 
Tucson, Ariz., and 179° 
Madison, Wis., were registered 
and under the top skin wood air- 
craft wings during the summer 
1943; temperatures above 160° 
were not uncommon this 
period (7). Similar studies tem- 
peratures walls homes are now 
being made. Exposure glue joints 
plywood temperatures 158 
higher may cause 
losses strength joints made with 
urea-resin glues and with certain acid- 
catalyzed phenol-resin glues within 
relatively short time (5). 
indicated, the mechanism 
tion not clearly established. 

Some glues are sensitive certain 
chemicals present chemically 
wood, the glue itself, solutions 
which the glue joint may con- 
tact during use. For example, there 
evidence that excess acid 
resin glues may reduce the servicability 
joints under rather severe service 
attack the glue itself. othe: 
types glues the excess acid 
may attack the wood next the 
line but leave the glue itself 
(5, 14). There little evi 
dence present indicate that chem- 
icals normal untreated wood attack 
any the conventional glues. Data 
effects wood-treating chemicals 
the durability glues are limited (4). 
All these factors need inves- 
tigated further before 


grain joint chair leg, glued with 
thermally sensitive adhesive, probably 
softening the glue under mild 
exposure. 
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ance the durability glue joints 
cin properly evaluated. some 
cases the apparent reduction strength 
conditions such heating may 
the resin glues excessive cross link- 
ing rather than chemical degrada- 
tion the resin. 


Problems Establishing Durability 
Test Programs 


The rates deterioration glue 
joints some the service conditions 
previously mentioned are quite slow, 
which perhaps fortunate for the ul- 
timate consumer the glued wood 
product. This is, however, unfortunate 
from the standpoint the investiga- 
tor who must attempt learn 
short time the probable durability 
the different types glues. 
ent investigators can get reliable dura- 
bility data glue joints only 
rather extensive and destructive tests 
one the following types: 


(a) Long-term exposures 
specimens controlled, 
partially controlled 
conditions; 


(b) Long-term exposures 
specimens actual weather- 
ing other service; 

(c) Tests typical production 
items actual service; 


(d) test procedures. 


the above classifications, the term 
broad sense and not limited any 
the conventional shear- tension- 
type test specimens commonly used 
for evaluating wood glues. 


Probably the most generally accept- 
able test data, from the 
the consumer, would that from 
long-time service tests the actual 
glued article. obtain such informa- 
tion before sale the item would 
require delay several months 
years between first fabrication and 
sale, and would impractical. 

All investigators would prefer 
use accelerated durability test 
designed that after only few hours 
or, most, few days, the long-time 
durability characteristics the glue 
and glue joint would 
known. Unfortunately, are long 
way from such reliable and rapid test 
procedures. Various 
have been suggested tried. The 
validity these tests always ques- 
tionable because the uncertainty 
whether the degrading influence 
used the accelerated test really 
the same factor 
degradation the glue joint 
influence and therefore direct 
for the purpose. 
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Methods must developed for 
accelerating the factors believed 
responsible for lack durability 
glue lines, that is, the effects swell- 
ing and shrinkage the wood, 
heat, moisture, micro-organisms, 
chemical degradation. Such acceleration 
will necessarily involve use higher 
temperatures, moisture 
content changes, faster rates soak- 
ing and drying, higher 
tions reagents. The question soon 
arises whether such tests then 
are too severe. The only way resolve 
this question use reliable long- 
term test data for comparison. Data 
standard test specimens exposed 
controlled laboratory conditions and 
actual service are desirable. 

Exposures typical glued articles 
actual service are important but are 
not always sufficiently extensive reli- 
able because conditions actual serv- 
ice vary from time time even one 
location because variations 
verity weather, different degrees 
mechanical protection joints, and 
other factors. The initial quality 
the glued joints may also vary con- 
siderably different items. many 
cases the past, this initial quality, 
and even the type glue and gluing 
conditions have not been recorded. 

would desirable accumulate 
accurate long-term service records 
typical glued wood products from 
normal commercial production wher- 
ever possible. 

important supplement infor- 
mation from service tests with con- 
trolled exposure tests 
glued specimens. The severity these 
controlled tests can turn checked 
against the service test experience. 

The task developing new accel- 
erated tests for the durability glued 
joints wood, and conducting both 
long-time durability tests under con- 
trolled conditions and long-time serv- 
ice tests enormous one and one 
which many people must take part 
assure success. 


Durability Tests 


planning and conducting any 
durability tests, number different 
experimental factors must 
sidered. 


Type Specimen: First choice 
must made between standard test 
specimens and special specimens made 
simulate particular type glue 
joint that commercial use. The 
type and size construction and the 
species the test specimen will, 
considerable degree, 


type test condition used, par- 
ticularly cyclic Note that 
the influence under test, certain 
temperature, degree moisture, 


the presence certain chemical, 
must permitted come contact 
with the actual glue line. large, thick 
specimen, such heavy laminate 
which the glue lines are considerable 
distance from the outside surfaces, 
must allowed remain longer 
the high low temperature, 
allowed soak dry longer than 
would thin, small specimen, such 
one thin plywood. 


Some species absorb lose water 
moisture more rapidly than other 
species, illustrated figure 
which must also considered se- 
lecting the type cyclic exposure 
the length continuous exposure. 
internal mechanical stresses 
moisture changes, particular consider- 
ation must given the relative im- 
portance species, ply thicknesses, 
and cross- versus 
struction the specimens. Soaking 
and drying any specimen can ac- 
celerated vacuum-pressure 
techniques and special drying 
dures such are now used the well- 
known delamination test laminated 
construction (3). 


Preparation Test Specimens: 
Wood must selected and condi- 
tioned before use with consideration 
the type commercial process 
Generally, would desirable 
use species similar that involved 
the actual service. However, since 
one glue may later used with 
variety species, often desirable 
standardize one the commonly 
wood preferable, because then the 
glue joint must strong order 
exceed the strength the wood itself; 
therefore better evaluation the 
actual glue joint strength possible 
than with weaker species. Yellow 
plywood has been used du- 
tests the Forest Products 
Laboratory primarily because 
commonly used hardwood veneer spe- 
cies high strength, and rela- 
tively easy select for uniform qual- 
ity. However, observations yellow 
birch are also checked more. lim- 
ited tests other species interest, 


such Douglas-fir, yellow-poplar, 
sweetgum. 


Since primary interest the rela- 
tive performance the glue joint it- 
self under each several types 
service, desirable make all 
the glue joints the same uniformly 
high initial quality. Thus, inferior 
performance later can assumed 
due the exposure involved and 
not initially weak joint. get 
uniformly high quality joints all 
the steps the gluing process must 


293 


controlled, including the selection 
the wood, the conditioning and 
surfacing the wood prior gluing, 
the mixing and application the glue, 
the control the assembly conditions 
and temperature, the application 
adequate and uniformly distributed 
gluing pressure, maintenance this 
pressure the proper temperature for 
sufficient time, and the proper aging 
before test. Adequate records must 
kept the details preparing the 
specimens. 


Sampling Procedure: Sampling 
perhaps one the more difficult 
phases the investigation the du- 
rability glue joints. The statistician 
may able help the glue tech- 
nologist design experiments that will 
give results high degree valid- 
ity with minimum tests. 
highly important that the specimens 
cut from all the different joints 
sorted insure that each group 
specimens, taken for 
strengths and for exposures various 
test conditions for the different time 
intervals, will equivalent all 
others. Generally better make 
large number small glued assem- 
such plywood panels, over 
period several days and randomize 
specimens from all such panels for 
the various test groups rather than 
cut all specimens from one two 
large glued assemblies made the 
same time. 


Choice Exposure Conditions 
and Test Periods: The. choice the 
actual exposure studied one 
the most difficult make with cer- 
tainty. tests are involve controlled 
the exposure 
sible and yet realistic service. Par- 
ticularly cyclic exposures 
volved, special consideration should 
given the type specimen 
exposed. weathering other serv- 
ice-type tests are made, the geo- 
graphical location should 
after considering climatic and meteor- 
ological data with respect typical 
service conditions. Data from tests 
the Southwest would limited 
value predicting performance along 
the Gulf Coast New England. 
Special consideration must 
given methods mounting speci- 
mens for exposure and whether 
specimens are protected mechan- 
ically with edging strips, coat- 
ings, such paint plastic overlays. 
Generally such protection merely de- 
lays the effects the influences being 
studied and therefore retards attempts 
accelerate the test. For this reason 
often desirable expose test spe- 
cimens without protection. 


294 


large number test groups permit 
testing over extensive period 
time. testing modern resin glues 
with long-term durability characteris- 
tics, seldom happens that too many 
test specimens are made. More often 
the specimens under exposure have all 
been tested before the performance 


any one the glues has been clearly 
established. 


Test Procedure: The actual me- 
chanical test used evaluate the glue 
joint both before and after various 
periods service is, course, 
great importance. Generally, would 
desirable use one the standard 
types joint tests, such the ply- 
wood shear specimen the block 
shear specimen for this purpose. How- 
ever, often necessary develop 
new types test specimens simu- 
late the type joint interest 
particular investigator branch the 
wood industry. any case, the experi- 
mental factors influencing the precision 
and results the new test, such 
method and rate loading, effects 
misalignment load application, 
inaccurate machining the specimen, 
should clearly understood before 
undertaking the tests, should the 
significance that particular type 
test interpreting the results. is, 
course, important conduct enough 
tests before exposure starts serve 
guide comparing the performance 
the joints subsequent service. 


Recent Durability Studies Glues 


Plywood Shear Specimens: Much 
the work the performance 
different types wood-working glues 
plywood construction has been 
conducted the Forest Products Lab- 
oratory using the conventional yellow 
plywood shear test specimen 
ginally developed there (1). The ply- 
wood specimen used because the 
cross-laminated construction 
large volume use woodworking 
glues present. Also the mechanical 
stresses exerted the glue joint 
the swelling and shrinking plies 
right angles each other with 
changes the moisture content the 
wood, are typical large number 
constructions. The 
small-size plywood shear specimen has 
definite advantage much this 
made large numbers 
pensively and then adequately sam- 
enough permit rather rapid penetra- 
tion heat and moisture 
the glue lines, and yet thick 
enough prevent excessive failure 
the face when square inch shear 
area used. Large numbers speci- 


mens can thus exposed small 
space the exposure test chamber. 


The conventional method 
ing the durability glues such 
plywood construction the Forest 
Products Laboratory follows: 
The desired number yellow birch 
plywood panels are glued with each 
glue under the gluing conditions rec. 
ommended the manufacturer 
under conditions that have been shown 
result optimum initial quality 
joint. Generally large number 
small panels preferred only one 
two large panels permit 
selection the veneer and 
selection specimens for test from 
number representative panels. 
gluing and conditioning, 
test specimens are laid out, 
and cut out. Representative 
from different parts several 
are then selected for the initial 
trol tests, which consist dry tess 
and, for casein 
glues, wet tests after hours’ imme:- 
sion water room temperature. 
immersion test room ten 
perature useful control test 
plement the dry control values. 
originally established for evaluating 
casein glues after series tests 
various temperatures and lengths 
immersion for this standard plywood 
test specimen. Either initial dry 
shear strength may then used for 
comparing the performance 
joints subsequent exposure. The 
maining specimens sorted 
into large number representative 
groups for exposure for periods 
years more under each the 
desired conditions. Typical exposure 
conditions that have been used for such 
studies include: 


Continuous exposure 80° 
and percent relative humidity 
simulate the effect aging 
under rather mild conditions, 
generally free 
mechanical stresses the 
joint because dimensional 
changes the 


Continuous exposure 80° 
and percent relative humidity 
test the resistance the joint 
mold and other 
isms and find the effect 
moisture content approaching the 
wood. 


Continuous exposure 158° 
and percent relative 
check the performance 
ture that may encountered 
certain conditions 
Similar tests are being 
120° and 140° 
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Figure 5.—Durability various types woodworking glues yellow birch plywood 
shear specimens, expressed percentage the initial dry strength, when subjected 
various periods repeating cycle immersion water room temperature 
followed days’ drying 80° and percent relative humidity. 


room temperature indicate 
the resistance softening, hy- 
drolysis, 
change. 


Repeated exposure alternating 
soaking and drying, such im- 
water room tem- 
perature for days followed 
days 80° and per- 
cent relative humidity. This type 
cycle indicates the resistance 
the glue mechanical stresses 
when the glue weakened 
soaking. 


cycles high and low temperatures 
(158° F.), cycles high 
and low rclative humidities (97, 90, 
80, percent relative hum- 
idity) may used. Groups speci- 
mens are then withdrawn from each 
vals, and tested without recondition- 
ing. The resultant shear test values 
commonly expressed percentages 
the initial dry shear strength values. 
complete the picture, the actual 
wood failures observed the test 
under consideration are also 
these percentages original dry 
strength retained and the actual 
wood failure observed 
each period exposure are 
for several different glues 
type under test; these average re- 
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sults are presented shown for one 
exposure figure Experience has 
shown that each several glues 
one chemical type—such 
temperature-setting, 
resin glues—performs similarly the 
same exposure. Thercfore, the practice 
presenting average data seems justi- 
fied, least for comparing the per- 
formance different types glues 
under given set exposure condi- 
tions. 

The performance various types 
woodworking glues that can used 
for plywood production have been 
studied. possible investigate not 
only the durability bonds made 
under the standard conditions com- 
monly recommended the manufac- 
turer, but under special conditions. 
For example, high-frequency heating 
special hardeners can 


Laminated Members: 
long-term tests have been conducted 
the Forest Products Laboratory 
the performance parallel-laminated 
test beams nominal 1-inch lumber 
southern pine, Douglas-fir, red and 
white oak, and maple. These beams 
long and with cross sections approxi- 
block shear test specimens were then 
cut from each the glue lines one 
both ends the beam and tested 
initially the dry condition serve 
controls. The rest the beam was 


prepared for exposure painting one 
end reduce moisture content changes 
and leaving the other end unpainted. 
Test beams were then given continuous 
exposure high humidity, alter- 
nate exposure high and low 
humidity, continuous exposure 
unheated storage shed outdoor 
weathering. Each phase the cyclic 
exposures different humidity con- 
ditions was selected produce max- 
imum moisture gradient from the cen- 
ter the surface the beam and thus 
produce maximum swelling and shrink- 
ing the glue lines. 
amounts observed delamination 
were recorded and test sections were 
cut from each end the beam. From 
these sections block shear specimens 
were cut and tested. The condition 
the glue lines white oak beam, 
cured under inadequate conditions, 
after years outdoor exposure with- 
out protection, shown figure 
Similar beams have been subjected 
outdoor service other severe expo- 
sures and the extent delamination 
the two ends, both and un- 
painted, then observed 


Joints Plywood Framing 
Members: part the early 
work prefabricated, stress-covered 
panel constructions for housing de- 
veloped the Forest Products Lab- 
oratory about 1935, the performance 
three types glues was investigated 
joints Douglas-fir plywood and 
Douglas-fir framing members during 
exposure under each four repeat- 
ing high-low humidity cycles. The test 
shown figure was 
esigned simulate the type con- 
housing panels. consisted exte- 
rior-type Douglas-fir plywood panels, 
inch thick, glued nominal 2-, 
3-inch Douglas-fir lumber, 
T-shape and glued with 
each three glues. The grain one 
lumber member was parallel and 
that the other was perpendicular 
the grain the face ply the panel. 
humidity cycles, all 80° under 


Figure 6.—Laminated white oak beam, 
glued with phenol-resin glue under inade- 


quate curing conditions, after about years’ 
exposure the weather. 
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laboratory-controlled 
modified block shear specimen was cut 
from the joints between the plywood 
and the lumber; however, backing 
strips were first glued the side 
the plywood opposite the framing 
member keep from failing com- 
pression during the subsequent test. 
The performance casein, urea-resin, 
lished such constructions. Data 
figure shows the relative perform- 
ance these three glues each 
four cycles, with each the two types 
joint construction. 


Assembly-Type Joints: recent 
study the Forest Products Labora- 
tory some the 
resin glues and the older nonresin 
glues were evaluated 
type assembly joints, such dowel, 
mortise-and-tenon, block, slip- 
type points (11). Joints were alternately 
subjected high and low humidity 
conditions selected representative 
changes that furniture joints are likely 
encounter from summer winter 
different parts the country 
accelerations such changes. Exam- 
ples the types joints are shown 
figure These specimens were 
tested both before and after exposure 
the humidity cycles. Specimens 
and were tested forcing the 
joints apart tension with jig that 
could loaded compression. Speci- 
mens and were loaded com- 
pression. Modified block 
mens were cut from specimen after 
exposure and then tested shear. 


Three the cycles used this 
work were designed simply cause 
internal mechanical stresses. However, 
the most severe cycle may have also 
introduced some softening the glue 
joint the moisture the high hu- 
midity phase the cycle. The three 
cycles were: (1) weeks per- 
cent relative humidity followed 
weeks percent relative humidity, 
(2) weeks percent relative hu- 
percent relative humidity, and (3) 
wecks percent relative humidity, 
relative humidity. All exposures were 
most typical northern climates since 
the moisture content the wood 
would vary from percent 
this cycle. Cycles (1) and (2) were 
made more severe than cycle (3) 
introducing more moisture the high 
humidity phase; they might therefore 
considered accelerated tests. Results 
these tests were interesting that 
certain glues, particularly the phenol- 
resorcinol resin glues, performed un- 
usually well most joints and defi- 
nitely better than the conventional ani- 
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Figure 7.—Test panels plywood-to-wood framing members simulate 
joints prefabricated, stressed-cover house panels. 
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Figure 8.—Shear strengths glue joints between plywood and framing members 
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Figure 9.—Various types joints used for evaluating glues for assembly gluing: 
dowel; mortise-and-tenon; blocked corner; slip lock; end-to-side grain; 
grain; and side-to-side grain. 


mal glue normally used for such ap- 
plications. Some the glues were 
promising certain types joints 
and not others. The results such 
tests the conventional types 
durability information developed 
plywood and laminated members. 


Long-Term Exposure Weather- 
ing: Exterior weathering 
controlled exposure, subject con- 
siderable variation over period 
time; results one location may 
different from those another loca- 
Nevertheless, exterior weathering 
represents useful service test. 
guide and possible standard 
service under severe conditions, 
program exposure plywood 
panels exterior weathering was 
the Forest Products Labora- 
tory 1936 and has been continued 
since that time. 

compare the performance dif- 
glues plywood construction, 
series panels was prepared with 

inches square were prepared 

each three species—yellow birch, 

each two constructions—three- 
panels were made for each 
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evaluation glues typical soft- 
wood and medium- and high- 
density hardwood. The two construc- 
tions offered considerably 
magnitudes stresses the joints. 
The thinner panels usually were sub- 
ject greater warping and cupping 
than the thicker also 
ably underwent greater and more rapid 
changes moisture content the 
plies during exposure than did the 
thicker panels. However, the thicker 
panels may have developed 
stresses the glue joint. 

After gluing, conditioning, and 
trimming, one 18- 18-inch section 
was cut from one corner and the rest 
the panel was cut into conventional 
plywood shear-test Repre- 
sentative groups these specimens 
were tested dry and. wet after hours 
water room temperature. Speci- 
mens were also tested after one 
being considered accelerated tests for 
later reference. These short-term tests 
were usually similar those now used 
for evaluating glue joints plywood 
the Commercial Standards (12, 
13). The 18- 18-inch specimens 
were then mounted vertical posi- 
tion test fence near Madison. 


Panels face the south and have 
paint mechanical protection. typ- 
ical installation shown figure 10. 
Panels are being inspected inter- 
vals and the amounts delamination 
the edges and the percentages 
open joint area due glue failure are 
recorded. Results are expressed glue 
joint integrity ratings from 100, 
with 100 indicating delamination. 
Typical data from this method rat- 
ing are shown figure 11. this 
figure, joint integrity ratings represent 
the average for all three species and 
both constructions for each type 
glue. more recent method eval- 
uating the glue joint integrity these 
panels involves the probing each 
glue line with narrow gage 
plot the actual areas open glue 
joints between plies. The areas thus 
plotted suitable form have then 
been measured means planim- 
eter, and the areas delamination 
have been reported percentages 
the total panel area. 


The performance the less dura- 
ble glues, such casein glues, may 
significally different the var- 
ious species veneer when subjected 
outdoor exposure. The behavior 
does not seem related exclusively 
density the species, but seems 
depend part other properties, 
such the rapidity with which mois- 
ture absorbed and the 
natural resistance the wood decay 
organisms. For example, special series 
species were glued with one casein 
glue and exposed the weather 
Madison for 3-year period; joint in- 
tegrity ratings western red- 
birch, black tupelo, cotton- 
wood, and red oak, ponderosa 
pine, and white fir were obtained. Sim- 
ilar panels glued with phenol resin 
showed integrity ratings from 
these same species after this 
year period exposure. Note that the 
plywood exposures mentioned here in- 
volve protection for the wood 
the glue lines. plywood panels 
other glued products are protected 
with paint, other finishes, mechan- 
ical protection, the exposure 
longer evaluation glue joint 
alone but the effectiveness this 
Obviously such protection 
will delay the action the degrad- 
ing influences the glue joint and 
the wood. This, then, lengthens the 
time which the relative advantages 
the glues become apparent. 


Plywood durability tests under out- 
door weathering conditions have also 
been investigated workers the 
British Forest Products Laboratory 
Princes Risborough (9) and the 
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Plywood Association 
their testing the West Coast (10). 


Accelerated Durability Tests: So- 
called accelerated durability tests would 
have distinct advantage time sav- 
ing over the long-term tests. present 
entirely adequate short-term test 
known, although some them seem 
fulfill useful purposes, and various 
investigators are attempting de- 
velop more adequate tests. The actual 
scope and limitations some these 
so-called accelerated are often 
misunderstood and are worthy some 
comment. 


Boil Tests: number current 
specifications for glues for glued 
joints plywood contain boil test 
boil-cycle test that applied 
men. The best known such tests 
cycle hours boiling followed 
hours drying 140° F., then 
second 4-hour period boiling. 
Specimens are then cooled room 
temperature and tested while wet. Such 
boil tests are only reliable when the 
type glue known. There are in- 
dications that certain types glues 
may withstand such boiling process, 
yet fail prolonged exposure 
weather. Another limitation boil 
tests that the boiling tends ad- 
vance the cure certain incompletely 
cured resin-glue joints and thus im- 
prove their strength. 


Boil tests offer some interesting ex- 
amples the problems always encoun- 
tered those attempting develop 
accelerated test procedure. accelerate 
the effects that have been shown 
reduce the durability some glues, 
such the effects heat and mois- 
ture, the severity exposure must 
increased. Thus, instead merely 
using mild heat prolonged expo- 
sure water, the two are combined 
the use boiling water. Cyclic 
boiling and drying is, course, in- 
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tended produce alternate swelling 
and shrinkage stresses the weak- 
ened glue joint. Although some may 
object such boiling test being 
too severe, since glue joints service 
are probably never subjected 
ing water, this type exposure 
necessary get truly accelerated test. 
Whether the test reliable and rep- 
resentative actual service must 
established correlating the results 
with those longer term tests. The 
Douglas-Fir Plywood Association has 
established its satisfaction that the 
results such boil-dry-boil cycle 
specimens commercial Douglas-fir 
plywood glued with 
phenol-resin glues, when properly in- 
fully with the results outdoor serv- 
ice tests their test fence. 


Vacuum-pressure Cycles: The 
vacuum-pressure cycle procedure 
most familiar for evaluating glues for 
laminated construction and for deter- 
mining the adequacy the glue lines 
themselves laminated timbers. Sim- 
ilar methods have been used for rap- 
idly soaking plywood test specimens 
for special The technique is, 
course, based the standard impreg- 
nation procedures used the wood- 
preserving industry. this test suit- 
able cross section test beam, 
usually inches along the grain, 
hours air pressure, hours 
vacuum, then hours air pressure. 
The sample then dried specified 
temperature, humidity, and air veloc- 
ity conditions for total 3-2/3 days. 
This cycle repeated two additional 
times, then the amounts delamina- 
tion the glue lines the end-grain 
surfaces are measured 
This test procedure was developed 
the Forest Products Laboratory eval- 
uate the quality glue joints made 
with glues durability 


(phenol, resorcinol, 
resin glues) when cured under dif- 


ferent curing conditions. 
tended introduce rather severe in- 
ternal mechanical stresses the 
line certain studies, particularly 
white and red oak, Douglas-fir, and 
southern yellow pine. Such stresses 
known encountered laminated 
timbers marine service when and 
out the water. Studies this test 
show that the vacuum-pressure 
coupled with delamination 
dicting the ultimate performance 
glued laminated ship timbers serv- 
ice, provided they are produced wit 
durable glues. should not, 
inferred that such 
vacuum-pressure soaking and dryirg 
test any way measure the 
mate durability other types glve 
joints actual service, since this 
does not simulate the effects chen 
organisms long-term exposure 
water and moisture. 


Effects Micro-organisms: 


lines the mold and fungi 
portant evaluating the resistance 
glues under high moisture content con- 
ditions. The resistance glue lines can, 
course, investigated under 
term exposure high relative 
ity conditions. accelerated 
test has, however, been developed 
the Forest Products Laboratory 
using sap birch veneers impregnated 
with dilute casein glue, 
oculated with wild mold organism 
(not cultured identified). 
test plywood shear 
stacked the moldy veneers and 
maintained over water closed 
days. The joint quality 
before and after such exposure. 

studies the effect micro- 
organisms, one might well question 
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Figure 11.—Relative durability glued joints 
plywood panels subjected weathering. (Values shown 
averages for yellow birch, yellow-poplar, and Douglas-fir panel: 
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ure cul- 
effec- 


instead 
ture known organism. 
tively use culture, sterile test 


and sterile conditions would 
needed throughout the test, This 
enormously complicate the test- 
procedure for the average wood 
hnician and does not seem 
except for special investiga- 
present properly select 
the type pure organism used 
for such exposure test. However, 
further work could probably profit- 
ably done the question. 


Correlations Between Tests: The 
short-term and long-term durability 
studies cited were selected only ex- 
have been used the Forest Products 
Laboratory. number other equally 
interesting and promising studies could 
have been mentioned. some cases 
there have been good correlations 
noted between short-term 
term test Good correlation has 
been noted between percentages 
tions, glued with phenol-resorcinol- 
and melamine-resin glues, 
vacuum pressure soaking and drying 
cycle (3) and long-term outdoor 
There also reasonably good 
correlation between performance 
glues plywood continuous ex- 
posures elevated temperatures and 
outdoor weathering Madison. 
There appears some correlation 
between performance glue joints 
plywood certain boil tests and 
performance both severe laboratory- 
controlled conditions and outdoor 
weathering. Further correlations are 
under study. 
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addition the Forest Products 
Laboratory tests that have been men- 
tioned, number others are being 
considered various organizations, 
such Committee D-14 the Ameri- 
can Society for Testing Materials. 
There need for great deal new 
work, new ideas, new methods 
better methods evaluating the dura- 
bility woodworking glues under 
various types exposure 
hoped that this discussion will 
helpful crystallizing some ideas 
the part the wood technologists now 
entering the field and that they will 
help developing better long-term 
and short-term test 
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Gluing Pressure Treated Wood With Resorcinol 
Type Adhesives 


Assistant Manager, Technical Department Koppers Co. (Wood Preservation Division) Orrville, Ohio 


HENRY 


and 


RICHARD GARDNER 


Wood Technologist, Koppers Co., Inc., Petrolia, Pennsylvania 


Describes tests and results using resorcinol type adhesives bond 
wood previously pressure treated for preservation. Data resulting 
from tests are given. general, bonding treated wood not 
great deal more difficult than the bonding untreated wood. 


WOOD improve its util- 
ity has been practiced for centuries. 
has been expanded from old art 
which non-durable animal glues were 
used, modern day science where 
many different types glues are avail- 
able, most which form 
ing greater strength than the wood it- 
self. Many the present day adhesives 
withstand the most severe type ex- 
posure without deteriorating. 

glues have been improved, par- 
ticularly with the introduction resor- 
cinol and phenol-modified resorcinol ad- 
hesives, the fields possible applica- 
tions glued lumber have increased. 
Many these applications expose the 
wood conditions deterioration 
decay, termites, marine organisms, 
thereby necessitating the protection af- 
forded pressure treatment with stand- 
ard wood preservatives. 

the past few years, plywood for 
bus passenger coach flooring, and 
small glued laminated beams and tim- 
bers, have been pressure treated 
cessfully with preservatives. The adhe- 
sive bond has appreciable effect 
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penetration, and the treat- 
ment, even with water borne preserva- 
tives, does not affect the strength the 
bond. 

Many glued structures cannot han- 
dled conveniently pressure treating 
equipment either because of: (1) size 
and shape, (2) economy treat- 
ment. these cases, desirable 
glue after treatment. This paper de- 
scribes work undertaken determine 
what effect pressure treatment lumber 
prior gluing has the resistance 
resorcinol 
nol adhesives delamination 
twelve-day cycle test. 

The resistance the glue bond 
delamination was determined this 
work standard A.S.T.M. D-1101- 
vacuum-pressure test commonly 
used the evaluation adhesives for 
laminated The Forest Products 
Laboratory devised this test evaluate 
the resistance the glue bond de- 
lamination versus the internal stresses 
arising timbers subjected outdoor 
conditions. However, all detrimental ef- 
fects the glue line actual service 
such micro-organisms and external 
loadings, cannot measured 
test, and therefore, the results are not 


the effect outdoor exposure the 
glue bond. 


Selection Species Tested 


The following species, which 
sent the major portion 
used woods, were selected for testing 
this project: red oak, white 
Douglas fir, southern yellow pine. 

All lumber was clear and flat grained 
with slope not more than 20”. 
was kiln dried moisture content 
12%. Individual pieces were 
24” and were selected 
random. 


Preservatives Evaluated 


Preservatives used pressure treat 
the four species listed above were 
follows: 


Creosote 
Pentachlorophenol dissolved 
No. Fuel Oil 

Copper Naphthenate dissolved 
Stoddard Solvent (1% Copper.) 

ACC (Acid Copper Chromate) 

Ammoniacal Copper Arsenite 

Copperized CZC 

CZC (Chromated Zinc Chloride 

Chromated Copper Arsenate 

Tanalith 


Detailed analyses and compositions 
these preservatives appear the Appen- 


dix. 


Table RETENTIONS 


ACC (Acid Copper Chromate) - 


. Chromated Copper Arsenate 


-_ 


i. 
2 
3 
4 
5 
7 
8 
9 
0 


Southern 


yellow Douglas Red 
pine r oak oa 
5.8 9.3 6.0 4 
-28 -40 .33 7 
-049 .059 .049 ou 
1.29 1.28 
-91 -72 .83 
1.07 1.03 1.12 
2.46 2.22 1.83 1.44 
1.17 1.07 1.28 1 
1.27 1.22 -92 3 
.53 .56 -63 


Note: All retentions water borne preservatives are expressed pounds per cubic foot. 
*Pentachlorophenol retention expressed pounds dry pentachlorophenol per cubic foot, 


from chlorine analysis. 


The pentachlorophenol percent) was dissolved No. Fuel Oil. 


**Copper Naphthenate is expressed as pounds of metallic copper per cubic foot, calculated from cop) er 
analysis. The copper naphthenate was dissolved Stoddard Solvent percent copper). 


OCTOBER, 


Treatment and Post-Treatment 


Table CYCLIC TEST RESULTS PRESSURE TREATED WOOD BONDED WITH 
Handling 


RESORCINOL ADHESIVES AND FOR HOURS 150° 
GLUE LINE TEMPERATURE 
All specimens were pressure impreg- 


ted accordance with American 


Ft. 
Wood Species Wood Preservative Retention Delamination Delamination 
ood-Preservers’ Association Standard 
0.37* 4.0 1.0 
copper naphthenate were applied Acid Cuprie 10.2 
the empty cell process while all other Copperized 
the full cell Preserva- Chromated Copper Arsenate. 12.4 
retentions are listed Table 
were end coated with sealer Copper Arsenite 0.3 4.5 
opperiz 12 1.0 0.5 
ina draft dry kiln, where Chromated Copper Arsenate_ 0.92 0.1 2.8 
they were dried final moisture con- 0.63 
The adhesives chosen for this evalu- 
ation were two which have had out- Acid 1.29 
Ammoniacal Copper Arsenite 0.91 3.7 40.3 
standing performance several fields. Copperized 1.07 5.0 
Each adhesive has been used widely 
laminations several species wood Chromated Copper Arsenate. 
where marine exterior usage required 
: “1: : 0.0 0.0 
j j cor- 0.40 0.8 0. 
A hesive “X” is an unmodified resor Copper Naphthenate_-----_- 0.059** 0.0 0.0 
cinol formaldehyde adhesive, while ad- 0.3 
cinol formaldehyde adhesive. These are 
Chromated Zine 1.07 0.4 0.0 
Adhesives G-1124 and Chromated Copper 1.22 1.0 0.0 
0.56 0.2 0.3 


G-1260 respectively. While may 
hoped that resorcinol formaldehyde and 
phenol modified resorcinol formaldehyde 
adhesives, class, will perform simi- 
larly, know from experience that 
these resorcinol adhesives, like most 
resins and plastic materials, must re- 
garded individuals, and not class. 
Although they are referred herein 
chemical type, not wish imply 
that all other adhesives this class will 
perform equally. 


Preparation Treated Stock for 
Gluing 


Preparation pressure-treated lum- 
ber for gluing was similar that nor- 
mally used for untreated wood. each 


case, certain basic principles had 


complied with produce uniform and 
results. Laminated test 
beams were prepared from stock uni- 
form density using only flat grained 
lumber. Stock selected for use was con- 
ditioned two three weeks con- 
stant temperature and humidity room 
(75° and percent relative 
humidity) bring the moisture content 
within percent range prior 
gluing. Where water-borne preserva- 
were used, moisture content the 
wood was determined the oven-dry- 
ing method, while toluene-extraction 
test was required for wood treated with 
preservatives. 


Inc., registered Patent Office. 
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*Expressed as pounds Pentachlorophenol per cu. ft. calculated from chlorine analysis. 
**Expressed pounds metallic copper per cu. ft. from copper analysis. 


Table CURE TIME LAMINATES TABLE THAT EXCEEDED 
PERCENT DELAMINATION (GLUE LINE TEMPERATURE 150° F.) 


Cure Percent 
Wood Species Wood Preservative* Time Adhesive Delamination 

Southern yellow pine___._.. Acid cupric chromate. 6 Y 4.8 
White Ammoniacal copper arsenite - - _- 10 Y 7.0 
Southern yellow pine__._... Ammoniacal copper arsenite - 6 Y 42.2 
Southern yellow pine__._... Ammoniacal copper arsenite _ _- 10 21.0 
White Chromated copper 5.9 


*Retention of the preservative is shown in Table IT. 


with untreated wood, clean sur- 
face was required. This was obtained 
planing approximately 1/16 in. from 
each surface glued, not less than 
two hours nor more than six hours be- 
fore spreading the adhesive. Excessive 
surfacing was avoided minimize the 
removal preservative concentrated 
near the surfaces. 


Gluing Operation 


Gluing procedures employed the rec- 
ommendations the following Govern- 
ment MIL-A-397A, 
MIL-W-17445 and MIL-W-15154A. 
The manufacturer’s recommendations 
for mixing and using were employed. 
Details are summarized Appendix. 


Spreading was done constant 
temperature and humidity room (52.5 
percent relative humidity) where 


the wood and glue mix were kept 
75° before and during the spread- 
ing. Each test-beam consisted 6-ply 
laminated assembly in. long. Four 
rocker-head, two-bolt retaining clamps 
provided pressure during the curing 
stage. torque wrench measured the 
desired pressure. 


The adhesive was cured for two hours 
glue line temperature 150° 
Heating commenced immediately after 
clamping. Heat-up time was the range 
four six hours (Figure 1.) Time 
cure was increased six and ten 
hours when satisfactory bonding was not 
obtained after the standard two-hour 
curing cycle. maturing period six 
days, where the test-beams were held 
75° and 52.5 percent rel- 
ative humidity, preceded the twelve-day 
cycle test. 
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Testing 


The American Society for Testing 
Materials’ D-1101-50T procedure for 
cycle (12 days) testing was used this 
study. (See Appendix) The maximum 
lengths delamination were observed 
eye and recorded for each end-grain 
Results are expressed per- 
centage total length glue lines 
these surfaces. Measurements 
than percent delamination the 
total glue line are considered acceptable. 


This paper emphasizes the resistance 
the gluebond delamination under 
load. The strength bonded treated 
woods has been reported earlier 
papers. (See appendix) 


Results Tests 


The data accruing from this series 
tests are presented tabular form, 
Tables and for greater ease 
interpretation. 


Summary and Conclusions 


The more important conclusions de- 
rived from this study are the following: 


Commercially treated wood em- 
ploying nine preservatives and four spe- 
cies can adequately bonded with the 
resorcinol phenol-modified resorcinol 
adhesives used intermediate (150° 
F.) glue line temperature for hours 
duration. 


With certain treatments, and cer- 
tain woods with the treating retentions 
tested (acid cupric chromate 
white oak and southern yellow pine; 
ammoniacal copper arsenite white 
oak, southern yellow pine and Douglas 
fir; and chromated copper arsenate 
white oak), curing 150° glue line 
temperature for longer than two hours 
necessary for adequate bonding. (See 
Table 


adhesives which were 
tested bond preservative and fire re- 
tardant treated woods very well. The 
straight resorcinol adhesives have 
slightly greater applicability. 

The bonding treated woods 
not great deal more difficult than the 
bonding untreated woods. each, 
close attention the details good 
gluing concepts necessary. 


Appendix 


Preservatives and Solution 
Preparations 


Grade Creosote 
Analysis: 

Percent water—0.45 percent 

Specific Gravity—1.073 =8.94 100°F. 

Insoluble benzol—1.35 percent 

Coke Residue—2.66 percent 

Distillation 210°C.— 0.8 percent 

Distillation 235°C.— 8.6 percent 

Distillation 315°C.—56.5 percent 

Distillation 355°C.—76.1 percent 
Residue —23.3 percent 

Loss 0.6 percent 


Percent Pentachlorophenol Solution 


Petroleum Solvent: Sohio Petroleum Oil, Standard 
Oil Company Ohio, Cleveland, Ohio 


Analysis: 

Distillation IBP 405°F. —529 
10°%—456 70 —542 
—472 —565 
—486 —594 
—500 EP—632 
—513 

100 


Parafinic, percent Volume—55 percent 

Olefinic, percent Volume—20 percent 

Aromatic, percent Volume—25 percent 
Solution Anz 4.95 percent Penta 


Copper Naphthenate Solution 


Petroleum Solvent: Stoddard Solvent 
Solution Analysis: 0.97 percent Copper 


ACC (Acid Cupric Chromate) 
parts copper sulfate (CuSO 4.5H 20) 
47.5 parts sodium dichromate 20) 
1.68 parts chromic acid (CrO 3) 


Ammoniacal Copper 
57.7 parts copper hydroxide 
40.7 parts arsenic trioxide (As20 
1.6 parts acetic acid (CH 


Copperized Chromated Zinc Chloride 
parts zine chloride 
parts sodium dichromate 20) 
copper chloride 20) 


7. CZC (Chromated Zinc Chloride) 


81.5 parts chloride 


Chromated Copper Arsenate 
parts copper sulfate 20) 
parts arsenic pentoxide 5.2H 20) 


Tanalith 


25 parts sodium fluoride (NaF) 

parts disodium hydrogen arsenate 
37.5 parts sodium chromate 


*This is dissolved in a 2.8 percent ammonia (NH 
solution. 


Test For Resistance 


Standard an: 
(Ships) 


The degree adhesive cure was 
termined subjecting each test 
men 12-day cyclic test describe 
here. 


1.1 Test Specimens: One end 
test-beam, prepared specified, shall 
inches long, and the end dis 
carded. Six specimens, each inches 
long, shall cut from the trimmed 
the test-beam. 


1.2 Vacuum-Pressure Cycle: The 
six specimens specified 1.1 shall 
placed autoclave, weighted down 
under water, and vacuum 
inches mercury drawn and held 
for hours. The vacuum shall then 
broken, and pressure not less than 
psi shall applied the sub- 
merged specimens and held for hours. 
The pressure shall then released and 
cury shall again drawn and held for 
hours while the specimens remain sub- 
merged. The vacuum shall released 
again and pressure not less than 
psi applied the submerged 
specimens and held for hours. 


1.3 Drying Period: After the soak- 
ing period, the specimens shall 
lowed dry for hours tem- 
percent relative humidity, 
stream with velocity 200 feet per 
minute. 


1.4 Duration Test: The 
4-day cycle testing 
soaking followed drying) 
1.2 and 1.3 shall repeated 
making test days’ duration. 


1.5 Measurement 
tion: Measurement 
shall made all adhesive lines 
both end (cross sectional) surfaces 
the six test specimens during the 
period the third cycle when 
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Gluing Procedures 


Resin—100 parts weight 
nesive Hardener— parts weight 


Resin—100 parts weight 

Hardener—20 parts weight 

: laminates 

spread—Brush 

Sq. Ft. single glue line—60 
each surface 

period—Assembled immediately—0 min- 
open assembly, minutes closed assembly 

psi, Pine—200 psi, Douglas 
r—150 psi 


fourth day the period). The per 
cent delamination the glue lines 
calculated dividing the total length 
delamination measured along all ad- 
hesive lines (as stated above) the 
length the adhesive lines. 


Production Gluing High Strength Joints 
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FOSTER BERRY 
The Brunswick-Balke-Collender Co., Muskegon, Mich. 


review the manufacture laminated maple parts which 
confirms the adaptability modern machines and gluing practices 
obtaining high strength glue joints. Experience shows that drying, 
machining, and gluing under proper controls, yields superior joints 
consistently while employing high production techniques. 


MAJORITY the wood items 
producted Brunswick connec- 
tion with bowling employ hard maple. 
certain that the majority those 
present are familiar with these products 
and that you are also aware the ex- 
treme abuse these products receive 
use. 

Hard maple has been classed one 
the most difficult woods glue 
and because its inherent high shrink- 
age rate and strength capable 
generating high joint stresses within it- 
The combination severe usage, 
difficult gluing, and heavy sections 
stock required the sport bowling 
combine create exceptional prob- 
lem gluing. 

Manufacturing this field, all 
others, highly competitive. Material 
usage and labor must kept min- 
imum for this reason and consequently 
demands high production equipment 
and efficient techniques. 

Gluing one the factors wood- 
working that can most troublesome 
manufacturer; seriously affecting 
the acceptance his product the 
ABOUT THE AUTHOR: BERRY, FOS- 

Speaker, Session Glues and 


the Com- 
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consumer. With highly stressed items 
gluing not subject repair; defec- 
tive joint, however minor, showing 
after the finishing operations have 
started reduces the part scrap, since 
the risk sending out defective item 
too great take chance. 

was previously mentioned that 
high production equipment essential 
for economic reasons. The most im- 
portant gluing operation employed 
our plant the line type and semi- 
automatic many respects. The burden 
for satisfactory gluing 
largely dependent proper function- 
ing equipment and less the crafts- 
man’s skill. 

reviewing our experience for this 
paper obvious that what has de- 
veloped planning and been con- 
the principles good gluing. Follow- 
ing the sequence material handling 
the points discussed herein are: 

Stock drying 

Stock machining 

Edge preparation 
Facing 
Edge and laminate gluing 


Before proceeding well ex- 
plain our approach 
methods 
Herein, specifications 


Discussion 


Stevens (Eggers Plywood and 
Veneer Company): the Chemicals 
used, which you call fire retardent 
salts? 


Mr. Gardner: None the 
tives listed for treating wood this 
tardant salts the retentions shown. 
Higher retentions some these 
salts, for example, Chromated Zinc 
Chloride two three pounds per 
cubic foot wood, will provide fire 
retardance. the retentions, 
only protection from decay and insects 


provided. 


the engineering department for dry- 
ing lumber covering all pertinent de- 
tails regarding final conditions stock. 
There are two objects doing, first 
achieve the properties desired ulti- 
mate product and, second satisfy the 
requirements for good gluing. 

Specifications are also written 
cover processing the stock and in- 
clude the details glue mixing, 
spreading, assembly time, press cycles, 
post-gluing conditioning, and maximum 
time lapse between machining and glu- 
ing. Furthermore, laboratory tests and 
records are set routine daily 
basis test and record lumber mois- 
ture content and glue joint quality. 

importance details leading 
factory gluing, each essential suc- 
cess and unsatisfactory results obtain 
varying degrees with slipshod methods. 
Thus more less chronological se- 
quence followed this discussion. 


Stock Drying 


Hard maple dried forced 
kilns following schedules dictated 
the usual kiln samples. Piling follows 
standards practices for 
provide lumber straight and cup free 
possible. 

Conditioning end drying such 
give stress-free lumber. Subse- 
quent cooling, stock rough dressed 
and solid piled for equalizing dry 
sheds. premise our gluing that 
moisture content the several pieces 
stock entering one laminate differ 
more than 2%. know however, 
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that occasion this not attained and 
electric meter tests stock process 
show this up. such times also 
evident that the percentage poor 
joints increases. 

Moisture content determinations 
stock directly from the kiln show 
small range and distribution between 
shell and core sample boards less 
than 2%. Normal sampling kiln 
runs, even selecting stock from slowest 
and fastest drying portions kiln 
not necessarily show the maximum 
range. Equalizing after drying com- 
monly recommended for this reason and 
standard procedure our operation 
call for less than five days such 
equalizing. 


Machining 

Standard woodworking machinery 
used preparing lumber for gluing, 
there being changes feed rate, 
head arbor speeds. After initial cut- 
off rough dressed lumber 
saws, pieces pass either through the 
planer line across jointer and then 
through straight line rip saws, the 
choice being dictated the cutting 
width desired. 

The first machine the planer line 
facing planer with second head for 
the preliminary sizing cut. This ma- 
chine holds dominant position lev- 
eling out distorted stock. While this 
type machine performs very well does 
not, nor can expected level 
pieces distorted beyond the point where 
moderately heavy cut does not give 
plane surface. 

Gluing pressures are adequate flat- 
ten out stock even though not properly 
leveled this machine. Nevertheless, 
with high density stock such maple 
extremely high glue joint stresses are 
created thereby, predisposing the joint 
failure. occasions when heavily 
distorted stock has not been fully flat- 
tened and not detected workmen, 
the percentage faulty joints has in- 
creased. 

The next machine the line 
double cabinet surfacer which produces 
the final thickness with smoothly cut 
faces. This planer kept adjusted 
its highest precision avoid common 
defects doboff, knife marks and the 
like. 

Stock narrow for direct use 
jointed give least one good edge 
automatic return jointer, thence mov- 
ing straight line rip saws cut out 
defects. These saws were re-worked 
prior being used this operation 
with chain and race, and arbor bearings 
replaced Further, 
blade run out required correction 
one saw. The need for the best main- 
tenance these saws cannot over- 
emphasized since this equipment, must 
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operated its best give con- 
sistently good results gluing. 

Saw blades carbide type are the 
minimum diameter and are mounted 
the arbor with fullest collar diameter 
possible. Feed arrangement set 
give straight cut. 

There has been dissatisfaction 
gluing from straight line rip saws and 
attaining the highest quality joints. 
Nevertheless, there can relaxing 
from constant scrunity surface qual- 
ity and has been our experience that 
only the faintest saw mark need show 
well operated saws, and there 
evidence burning, tearing off- 


Gluing 


high frequency equipment glue line 
heating type. Therefore, use urea 
type glues formulated for such ap- 
plication. 

has been found advisable hold 
degree cure higher levels than 
usually considered necessary. 
joints tested with chisel immediately 
from press exhibit excellent percent- 
age wood failure. The reasoning 
behind this that joint stresses are 
present area which happens 
below average cure will open be- 
fore residual curing takes place. 

important factor gluing has 
this department. While the conditions 
which exist during operation the 
machines are not optimum because 
rapid air changes the department, 
pronounced improvement 
noted over uncorrected 
When blowers are shut down, humidity 
control satisfactory. Prior humid- 
ification, erratic results were noted 
joint quality soon heating work 
area was necessary. further point 
the area concerned had radiant steam- 
coil heaters early the operation. These 
were replaced with unit 
reduce radiation stock and 
prevent layering air the depart- 

The experience regard the bene- 
fits for humidification confirms opinions 
expressed others attesting the sen- 
sitivity urea resins stock moisture 
content. Despite the fact that the lum- 
ber averages over and tests com- 
pleted item show the same, follows 
that surface drying the few hours 
stock process brings about enough 
surface change harmful good 
gluing. Humidification has been 
means overcoming this problem. 
Limited experiments with altered glue 
mixes, wetting agents, and fortified urea 
type resins have not effected enough 
improvemnt indicate that humidifica- 
tion can discontinued. 


most commonly found that dressed 
material remains stock for period 
after machining. generally 
edged that critical gluing operations, 
changes surface stock, and post- 
machining distortion are detrimental 
gluing. The practice therefore, 
hold machined stock more than four 
hours prior gluing. This has not 
worked out completely since there 
been occasions when small 
were held over one day. The most coni- 
mon reason for this has been 
stock between various components, 
but since only very minor 
stock processed has been affected, 
therefore not considered 
quence our 

The general principles stock 
dling above apply both edge 
and face gluing. gluing operatio 
themselves glue spreads are those 
mal for ureas, gluing pressures vary 
tween individual presses from 250 
300 p.s.i. and the gluing cycle 

Included the stock handling 
cedure provision for minimum 
twelve hours layover after gluing and 
prior machining. The residual heat 
the stock, which practically solid 
piled, rapidly effects post-press 
and also allows time for glue 
out harden. 


Quality 

The Inspection department, addi- 
tion quality checks parts 
process makes detailed analysis 
the finished product. 
tally shows the number 
joints vary from 0.2% 0.4%. 
most commercial standards these items 
would also usable, since 
mal use they would have little harmful 
the standards are very strict. The 
ing is, nevertheless, that this 
rejects too high and should 
can reduced for these show 
finished item (not apparent 
white) and thus include all material 
and labor costs. There 
effort being made reduce this 

analyzing the unsatisfactory 
some can attributed faulty 
ing wherein some stage twist 
chip resulted uneven thickness, 
end bite dip stock. Others are 
viously workmanship wher: 
glue spreader skipped and was not 
ticed. These nevertheless, represent 
tory joints, the majority being 
swirls burls the grain and 
sionally causes which are unknowa. 
can said, moreover, that most 
this trouble encountered the 
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jensity maple. The obvious conclusion 
that there are marginal gluing condi- 
ions which occur few items with 
ailure resulting. 

Some consideration has been given 
true statistical sampling determine 
With the above described expe- 
can hardly justified since the 


cost the samples would appreci- 
ably higher than scrapping the unsatis- 
factory parts. 

summarize: has been the expe- 
rience that proper drying, conditioning, 
and equalizing stock, followed 
careful machining planers and 
straight line rip saws, with gluing 


presses will consistently give high 
strength joints. 

hope that this review will 
indicate what can done modern 
plants set give high speed, quality 
production and perhaps prove assist- 
ance someone having gluing prob- 
lems. 


Application Impreg for Patterns and Die 


RAY SEBORG 


Chemist, Forest Products Forest Service, Department Agriculture 


and 


VALLIER 


Manager, Experimental Fabricating Department, Engineering Staff, 


Ford Motor Company, Dearborn, Mich. 


investigation has been made the suitability impreg 
for patterns and die models. Approximately five thousand board feet 
impreg panels were produced from phenolic-resin-impregnated 
mahogany veneer. When exposed various moisture conditions, 
the die models made from mahogany impreg changed dimensions 
only about one-third much the die models made from the 
untreated mahogany lumber. Additional tests made the impreg 
panels showed that highly resistant heat, readily carvable, 
and can glued with but slight modification the present methods 
used gluing untreated wood. From this investigation the con- 
clusion was reached that impreg panels made from mahogany 
veneer are superior the standard mahogany lumber now used for 


patterns and die models. 


OOD ONE our few natural 

products that has been used 
throughout the history mankind with 
almost modification its proper- 
tes. Few materials have versatile ap- 
plications and have been universally 
accepted wood. Nevertheless, 
know that for certain applications some 
properties wood are not desirable, 
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such the tendency decay 
subjected high moisture conditions, 
and the tendency change dimensions 
with changes moisture content. 


The impregnation wood with 
chemical preservatives greatly increases 
the resistance the wood decay. 
Even though the preservative treatment 
wood relatively new, having been 
developed chiefly during the last few 
generations, this process 
widely accepted the wood industry. 


The impregnation wood with 
phenolic resins greatly increases the 
dimensional stability the wood. This 
method treatment more recent 
development than the preservative treat- 
ment wood. The process impreg- 
nating wood with phenolic resins 
reduce moisture absorption and dimen- 
sional changes, however, 
described rather extensively many re- 
ports, magazines, and technical journals 
during the past two decades. The wood 
industry, nevertheless, has been slow 
adopting this process reduce the di- 
mensional changes wood. This fact 
may due partly the relatively high 
costs the treated wood, which has 
been produced primarily for rather spe- 


applications where its desirable 
properties can utilized and where 
the relatively high costs the wood 
can justified. 


order better discuss new appli- 
cations for this material, 
view given here the methods 
treatment, properties, and current ap- 
plication resin-impregnated wood. 


Wood impregnated with phenolic 
resin-forming chemicals, followed 
drying and curing the resin within the 
wood structure without the application 
pressure, known impreg (4, 
10, 11). This process is, however, 
chiefly limited the treatment thin 
sections wood such veneer, be- 
cause the difficulty encountered 
obtaining uniform impregnation and 
the subsequent drying wood 
lumber-size dimensions, course, lam- 
inated panels any desired thickness 
can built from the treated veneer. 


the manufacture impreg, the 


veneer impregnated forcing the 


resin solution into the sheets the 
application pressure soaking the 
veneer the resin solution until the 
proper amount resin absorbed. 
The impregnating resin should 
slightly polymerized phenolic resin, 
resin low molecular weight 
which the resin molecules 
ciently small penetrate the cell-wall 
structure. Only resin entering the cell 
wall reduces the shrinking and swell- 
ing; that deposited the voids 
value. Many resin manufacturers are 
now producing impregnating resins 
suitable for the stabilization wood. 
The solids content the resins made 
different manufacturers varies con- 
siderably, generally ranging from 
percent. 
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obtain uniform impregnation 
throughout the wood without the ab- 
sorption too great quantity 
resin, the treating resins are first di- 
luted with water solids content 
approximately percent. Veneer im- 
pregnated the application pres- 
sure soaking the resin solution 
until the weight the solution ab- 
sorbed approximately that the un- 
treated wood, 100 
percent solution uptake. This will give 
resin content approximately 
percent based the weight the 
untreated dry wood. The treated ve- 


neer then solid-stacked under 


drying conditions for approximately 
day allow time for the resin solu- 
tion diffuse into the wood structure 
before drying and curing. The treated 
roller drier oven kiln that 
has circulating air. The drying tem- 
perature (less than 200° F.) kept 
below the boiling point water 
prevent the solution and the dissolved 
impregnating agent from being forced 
the surface the wood during the 
early stage drying the steam pres- 
sure developed the wood. Veneer 
thicknesses one-eighth inch 
can dried moisture content 
utes roller drier. Considerably 
longer time required the veneer 
dried oven kiln. The resin 
the dried treated veneer then cured 
heating high temperature. This 
310° the curing time 
mately minutes. 

The treated and cured but uncom- 
pressed impregnated veneer 
glued with many the same glues and 
gluing processes now used for gluing 
necessary vary certain gluing condi- 
tions, such the amount spread, 
assembly conditions, and curing condi- 
tions, somewhat from those used with 
the same untreated species order 
obtain the desired high-quality bonds 
the treated veneers. 

This treatment wood will 
reduce the moisture absorption, swell- 
ing, and shrinking wood with vir- 
thermal insulating properties, and with 
Much less moisture absorbed 
passes through impreg than 
through untreated The face 
checking impreg under weathering 
conditions markedly less than that 
untreated veneer. 

Except hardness and compressive 
strength, which are slightly increased, 
the mechanical properties (2) are not 
improved this treatment. Toughness 
and impact strength are 
duced. Decay resistance greatly in- 
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creased. This increase appears due 
the fact that the cell walls the 
treated wood cannot take sufficient 
moisture readily support Lim- 
ited tests resin-treated specimens ex- 
posed marine-borer attack indicate 
that impreg may have good resistance 
these marine pests. Also because 
the reduced equilibrium moisture con- 
tent resin-treated wood, the electrical 
resistivity (13) the material has 
been greatly increased. 

The acid resistance impreg 
high. Its fire resistance not markedly 
greater than that untreated wood. 
The resistance heat, however, 
greatly increased resin impregnation. 
Impreg heated for minutes 
300° F., and then for minutes 
each degree increase temperature 
550° F., showed significant 
charring disintegrating the wood 
until temperatures 525° and 550° 
were reached. Also, impreg was heated 
400° for hour and then allowed 
cool. This cycle was repeated over 
times with apparent disintegra- 
tion the wood. Untreated wood will 
char and disintegrate badly when sub- 
jected these conditions heating. 


Impreg has been used for military 
purposes, such housings for electrical 
control equipment, which its im- 
proved electrical properties 
lized. present impreg being pro- 
duced for the construction acid 
tanks, which advantage taken 
its high acid-resistant property. Indus- 
try, however, has been take ad- 
vantage the most improved prop- 
erty, dimensional stability, imparted 
wood resin impregnation. 

present, resin-treated wood has 
been chiefly used its compressed 
form. This stable form compressed 
resin-treated wood (compreg) (4, 
10, 12), which highly com- 
pressed prior the setting curing 
the resin, sold under various trade 
names the manufacturers 
product. Some the applications 
compreg with which are familiar 
are tooling jigs and forming dies, cut- 
lery handles, musical instruments, strain 
insulators (and other applications 
the electrical field where 
high-dielectric material required), 
electrical transformer parts, spar and 
connector plates, shuttles 
sticks the textile industry, sporting 
goods, and decorative applications. 

Considerable publicity has been given 
the products that are currently being 
made from compreg. Until recently, 
however, industry has paid little atten- 
tion the possible uses 
uncompressed resin-treated wood 
preg), even though the lack dimen- 
sional stability the untreated wood 
has been problem major impor- 
tance. many these applications 


the increased cost impreg over that 
untreated wood could readily 
justified. 


One these applications the 
impreg for die models the auto- 
mobile industry. Since the beginning 
mass production cars, the body paris 
have been stamped out steel dies, 
order make the steel dies, models 
the correct size and shape must first 
made wood, and from these wooden 
models the surfaces are duplicated 
steel keller machines (fig. 1). Since 
the wooden models determine the 
the steel dies, highly 
that these models not change 
sions appreciably from the time the 
models are made until the steel 
have been completed 
has started. This period time 
vary from few months 
years, and with changes 
conditions the dimensions the 
sion the wood models, unless 
rected, would reflected 
dimensions the dies with 
result that the final products (car bocy 
parts) would not fit together exactly 
designed. Frequently these changes may 
sufficient magnitude require 
reworking the entire surface the 
models. Since each step the 
ing and tooling for production 
new model closely timed, any delay 
costly from time and monetary 
standpoint. The fact that wood changes 
dimensions with changes 
content therefore presents 
problem the automobile 
and one that has been faced with 
culty for the last more years. 


Most the efforts that have been 
made eliminate reduce this diffi- 
culty involve attempting 
mechanically the entrance and exit 
moisture with surface coatings (1, 
such paint, varnish, water repellents, 
and related products. These treatments 
have proved effective retarding th: 
rate moisture changes, and are 
therefore effective reducing changes 
moisture content and dimensional 
changes when exposures high low 
moisture conditions are for short pe- 
riods time. Since surface coatings 
only affect the rate moisture ab- 
sorption and not significantly 
the amount moisture that the 
can absorb, this type treatment 
not effective reducing changes 
moisture content dimensional 
wood when exposed lon: 
humidity-change cycles such 
changes. 

The most effective means 
ing the equilibrium swelling and 
ing wood that has been found 
the present time the foregoing 
ess bonding and fixing active chem 
cals within the cell-wall structure 
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wood. Phenol-formaldehyde is, our 
knowledge, the most effective resin- 
forming system that practical 
accomplish this objective. 

The Ford Motor 
sored research project the Forest 
Products Laboratory determine the 
suitability using impreg for making 
die models and patterns. 

The properties impreg, general, 
have been well established. However, 
the effect phenolic resins mahog- 
any for this particular application had 
yet Tests were there- 


TION IN SWELLING (PERCENT) 


RESIN CONTENT (PERCENT) 

Figure 2.—Effect resin content the 
swelling mahogany veneer be- 
ovendry and water-soaked conditions. 
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conditions. 


fore made determine the effective- 
ness resin impregnation reducing 
dimensional changes the veneer, the 
laminated panels, and the completed 
die models. Bakelite resin 15100 
was used the impregnating resin for 
making impreg for these tests. The 
effect resin the gluing and carv- 
ing properties this material was also 
determined. 

The effect varying amounts 
resin reduction swelling ma- 
hogany veneer from ovendry water- 
soaked conditions shown figure 
The resin content was based the 
weight the untreated ovendry wood. 
The dimensional stability increased 
with increase resin content 
approximately percent, which 
percent was obtained. Additional 
amounts resin not significantly 
increase stabilization. 

The effect resin impregnation 
the reduction swelling mahogany 
veneer between ovendry 
moisture conditions shown figure 
percent was obtained when the swell- 
ing was determined between ovendry 
and percent relative humidity. 
The. reduction was considerably greater, 
approximately percent, when the 
swelling was measured between oven- 
dry and water-soaked conditions. The 
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RESIN- 
/MPREGNATED 
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REDUCTION 


RELATIVE HUMIDITY (PERCENT) 


Figure 3.—Effect resin impregnation the reduction swell- 
ing mahogany veneer between ovendry and various moisture 


Figure 4.—Die model made from mahogany lumber, left, and one 
made from resin-impregnated laminated lumber, right. 


reduction swelling was still greater 
when the swelling was determined be- 
tween percent relative humidity 
and water-soaked conditions. Under 
these conditions the percent swelling 
(as indicated the graph) was 0.6 
for impreg and 2.8 for the untreated 
veneer. The amount swelling the 
resin-treated veneer is, therefore, only 
21.5 percent that the untreated 
veneer. This reduction 78.5 per- 
cent. This high degree stability 
the high moisture levels important 
when the models come contact with 
wet materials such plaster Paris 
the making duplicate casts and 
plastics the making duplicate 
models. 

Since the standard die models are 
built from mahogany boards, this 
practice was followed the fabrica- 
tion impreg die models, that is; the 
treated veneer was first made into 
boards panels comparable thick- 
ness and width mahogany lumber. 
conventional 
glue was used the gluing the 
veneer into panels. Impreg die models 
were then built from these panels 
using room-temperature-setting 
resorcinol epoxy resin the bond- 
ing agent. 

The first batch impreg for this 
application was made the Forest 
Products Laboratory. This batch con- 
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duplicating machine. 


sisted 200 board tect 
laminated panels (approximately 
laminated from plies 
sixteenth inch sliced Honduras ma- 
hogany (Swietenia) veneer. Later tests 
have shown that either well-cut sliced 
rotary-cut veneer thicknesses 
one-tenth inch suitable for this 
application. 

From this material the first impreg 
die model (upper back panel) was 
made Deutsch and Sons Pattern and 
Machine Works, Milwaukee, Wis. 
comparable model was also made from 
mahogany lumber (fig. 4). Both mod- 
els were subjected percent rela- 
tive humidity 80° for month 
and then percent relative humid- 
ity for the same length time. The 
dimensional changes were determined 
periodically. The comparative dimen- 
sional changes the die models 
when subjected percent relative 
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SWELLING (0.001 INCH) 


20 


16 
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Figure 5.—Comparative dimensional 
changes die model made from mahog- 
any lumber and one made from resin- 
impregnated laminated lumber. Data repre- 
sent average measurements. 


humidity are shown figure Each 
value represents the average meas- 
urements made different posi- 
tions each model. The results show 
that percent reduction swell- 
ing was obtained for the impreg 
model. Similar values for reduction 
shrinkage were obtained 
models were subjected percent 
relative humidity. 

The irregular surface, resulting 
from swelling during exposure 
percent relative humidity, can read- 
ily observed the end section the 
standard model (fig. 6). This irregular 
surface (indicated shadow lines) 
the result differential swelling 
the adjacent boards transverse and 
longitudinal directions. surface ir- 
regularities are noticed the impreg 
model. 

were also made from mahogany lum- 
ber and from the impreg panels. These 
blocks were subjected moisture 
condition percent relative hu- 
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Figure 6.—End view die models show- 
ing surface irregularity standard die 
model (upper) after exposure percent 
relative humidity for month. Shadow lines 
end top model are due differential 
swelling the adjacent boards 
verse and longitudinal directions. 


midity for approximately months. 
Dimensional changes the two direc- 
tions, parallel to, and 
laminates were determined various 
distances from the end the blocks. 
The results (fig. show 
mately percent reduction swell- 
ing for the impreg blocks. The de- 
crease the amount swelling for 
each successive point measurement 
from the end the block indicates 
that equilibrium swelling throughout 
the block had not been attained this 
period time. 

The greater degree stability 
the impreg die model and impreg 
block compared that the 
treated veneer least partly the 
result laminated construction that 
itself tends reduce dimensional 
changes. 

The reduction dimensional 
changes phenolic-resin-impregnated 
wood not affected the length 
time exposure humidity condi- 
tions, the equilibrium moisture con- 
tent the wood permanently re- 
duced this treatment. This effect 
apparent the fact that the reduction 
swelling impreg blocks over 
period months was the same 
that obtained for the impreg model for 
period days. While the stability 
die models has not been determined 
over long periods time, reason- 
able assume that the dimensional 
stability the impreg models 
permanent the stability the im- 
preg veneer and panels from which 
they are made. 

has been emphasized that impreg- 
nants that not penetrate the cell 


wall the wood fibers not per- 


manently reduce the equilibrium mois- 
ture content the wood. They, there- 
fore, are not effective materially re- 
ducing dimensional changes that occur 
over long periods time. There are 
commercial processes using water re- 
pellents and other 
gether with wood preservatives that 
are effective reducing moisture ab- 
sorption, dimensional changes, and 
decay wood application where 
shedding liquid water factor. 
However, this time know 
impregnant that effective, eco- 
nomical, and practical use 
nolic resins application where 
high degree permanent stability 
required. 


the fabrication models fron 
untreated mahogany lumber, 
resin glues are currently being used 
for gluing the boards together. This 
type glue depends the 
loss moisture the wood; that ‘s, 
the partial drying the glue give 
good initial bond. Such glue ap- 
pears satisfactory for gluing un- 
treated wood that will absorb moisture 
from the glue sufficiently rapidly 
give satisfactory bond during the 
desired pressure period. This type 
glue, however, was found unsat- 
isfactory for the bonding impreg 
panels, since the absorption water 
the treated wood too slow and 
incomplete give good bond during 
the period time that the material 
clamped together. has therefore been 
necessary use glue that does not 
depend primarily the absorption 
moisture the wood give good 
glue bond. The various thermosetting 
resin glues, which harden cure 
undergoing chemical reaction, nat- 
urally suggest themselves for such 
application. Such glues, which are 
capable reaction normal room 
temperatures, are most desirable. Re- 
sorcinol resins epoxy resins that set 
higher have proven satisfactory for 
this purpose when properly used. Cer- 
tain other types glues are under 
investigation. 


Tests the impreg die model made 
from the original 200 board feet 
mahogany impreg and the conven- 
tional die model made from mahogany 
iumber showed that impreg far 
perior normal wood for this 
cation. was therefore desirable 
test further the suitability this 
larger die models. 
quently, roof die models were mace, 
from impreg (fig. and from 
mahogany lumber. roof model was 
chosen because one the 
die models made, and also because 
perience has shown that will change 
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swelling resin-treated and untreated 
laminated blocks inches) when exposed percent 
humidity for 112 days after prior conditioning equilibrium 
percent relative humidity. Data represent average values for 


Figure 8.—Roof die model made from mahogany impreg. 
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Figure 9.—Comparative dimensional changes width, and 
length, roof die model made from mahogany lumber and one 
made from resin-impregnated laminated lumber when subjected 


radial and tangential 


dimensions extensively due mois- 
ture changes. 


Comparative exposure tests 
percent relative humidity and 80° 
were made the Forest Products 
Laboratory the models. Dimen- 
sional changes were determined after 
each week exposure for period 
Comparable dimensional 
changes the width and length direc- 
tions the models are shown 
figure The reduction swelling 
the impreg die model compared 
that the conventional die model 
close agreement with the results 
obtained the smaller die models 
previously tested (fig. 5). 

Comparable sectional views (figs. 
10, 11, 12) roof panel die model 
made from conventional mahogany 
lumber and similar die model made 
from impreg taken after the models 
had been exposed percent rela- 
tive humidity for weeks, clearly 
show the lack movement impreg 
compared untreated mahogany 
lumber. 

the construction the roof die 
model and for various other tests, ap- 
proximately 5,000 board feet im- 
panels were produced Haske- 
lite Corporation, Grand Rapids, Mich., 
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percent relative humidity. 


and Nickey Brothers, Memphis, 
Tenn., cooperation with Koppers 
Company, Wood Preserving Division, 
Orrville, Ohio. From this supply 
material, each die-model shop and pat- 
tern shop the Chicago, Milwaukee, 
and Detroit areas that make models 
for the Ford Motor Company made 
experimental models from this new 
material. From their experience, there 
indication that any more 
difficult make model from impreg 
than mahogany 
lumber. fact, there every indica- 
tion that will easier. Generally, 
increased dulling the tools was 
experienced while working with this 
new material, and the surface the 
models made from impreg was easier 
sand smooth finish than the sur- 
face the models made from conven- 
tional mahogany. 


Several die models for the 
model cars have been made from this 
material. They are now the various 
tool and die shops where the hard dies 
are being kellered from them. ex- 
pected that difficulty will experi- 
enced. The use models from this 
new material will enable 
manufacturers take from the die 
model many plaster plastic casts 


desired without experiencing any 
change dimension extortion 
the original model. Also, from prac- 
tical usage standpoint, the model will 


dimensionally stable throughout its 
life. 

Making die models from this mate- 
rial will also allow the automotive in- 
dustry the opportunity using 
greater extent duplicate plastic die 
models. This because the original 
model made from impreg will not 
change dimensionally due the appli- 
cation plastic over it. 

The Ford Motor Company has made 
wood crankshaft patterns from impreg 
that were used make experimental 
shell-molded crankshafts. this ap- 
plication advantage taken both 
the dimensional stability 
resistant properties (figs. 13, 14) 
this material, inasmuch the pattern 
heated for hour 400° be- 
fore the mixture set and resin 
applied. Because the heat that the 
patterns are subjected to, 
resistant glue, such resorcinol glue, 
must used for bonding the boards 
together for this application. The 
shells obtained are very satisfactory, 
and the use impreg this experi- 
mental application appears promising. 
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Figure 13.—Dimensional movement impreg due heat, showing the results 
test where the impreg was heated for hour different temperatures. Measurements were 
taken the end hour and the end hour. 


Figure 10.—Top center surface die Before Heat 397 -968 
impreg (below). The shadow lines on left 400°1 hour N8.447 1.892 1. 886 1.379 n.373 
show raising the boards due the swell- 
model made from impreg. 
Also, the Ford Motor Company ex- Before |.957 
patterns. 
30,000 board feet mahogany im- 
Corporation and Nickey Brothers, 
Inc., for the Ford Motor Company and 
manufactured under specifications set 
This material being used for making 


tion the new-model cars. Plans are 
being made for ordering additional 
material from these firms. 
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Figure 14.—Dimensional movement impreg due heat, showing the results test 


where the impreg mahogany was heated 400° and allowed cool times. 
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Figure 11.—Surface rear corner roof die model made from right corner the photographs shows the difference the amount 
mahogany lumber (left) and the same surface one made from wax squeezed out the expansion joints due the excessive 
impreg (right). The shadow lines left show raising the swelling conventional mahogany. 


boards due the swelling and movement the wood. The upper 


Figure 12.—Surface front corner roof die model made from impreg (right). Notice photograph left how the offsetting the 
mahogany lumber (left) and the same surface one made from scribe lines show the excessive movement the conventional wood. 
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HEN WAS ASKED SPEAK 

this conference thought that 
must very much stranger 
your subject because know very 
little about adhesives and even 
stranger chemistry. But after some 
thoughts were expressed me, de- 
cided that work was the neigh- 
borhood adhesives, and that would 
therefore glad least tell you 


are conducting experimental 
structural work number differ- 
ent universities today, and having some 
success measure our experiments 
terms performance per units 
invested resource, whether weight 
material time. are making 
experimental structures which show 
such large gains performance per 
pound that would like talk for 
few minutes about the method con- 
ducting those experiments. First, con- 
duct experiments architectural schools 
various universities. These have in- 
programs starting about years ago. 
was very much surprised invited 
and the first thing had make clear 
architectural students was that did 
not build buildings out materials. 
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Designing With Glued Wood Construction 


BUCKMINSTER FULLER 


large modular interstices out 
tures very small modular interstices. 
other words, nature deals struc- 
tures various magnitudes, and what 
are used calling structures are 
simply structures which the modules 
are too small for see. know that 
myself, grew with the idea that 
adhesives are simply part chemistry, 
and for some reason other things 
stay together. pretty sure that, 
from listening some your speak- 
ers, still true that many men 
not see terms structures, but rather 
things terms behaviors and 
reliable behavior patterns. became very 
much interested number years ago 
chemical structures explored 
Linus Pauley and fundamentals 
structure they might most probably 
employed nature. would like 


Fuller Research Foundation, Forest Hills, Long Island, New York 


mention one very important aspect 
structures, from the viewpoint ex- 
perimental work and possible mathe- 
matical principle. There word which 
find very few people are familiar with 
and that the word the 
combined effective action every unit 
system. When consider just 
nail cell cellulose fiber cannot 
necessarily predict building paper. 


The Fuller Principle 


And when talk about synergy 
scientist, find that can best demon- 
strate talking about, for instance, 
the simplest structure know about, 
tetrahedron, four-sided pyramid. 
tetrahedron have six edges which 
make themselves into four triangles. 

Not until have these six edges 
place have system; and once 
they are place the resultant structure 
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ciples go. began experiment with 
tetrahedron and and 
learned something about their funda- 
mental mathematics. result have 
been able the last years 
tural experiment, make such gains 
the enclosure space that are 
the present time enclosing useable 
volumes manner withstand all 
the stresses the structure will receive, 
and doing with little 1/300ths 
the weights materials that men are 
accustomed use such structures. 
have developed some new phases 
this structure itself which thought 
would most appropriate present 
you today. 

our structural experiments 
not work from drawings usual 
the automobile business, the 
work the terms points controls 
systems and stresses that occur 
between these points, and how 
identify the numbers points which 
will required give effective serv- 
ice any structure that going 
needed for one purpose another. 
tried discover the number contacts 
and the frequency contacts vari- 
ous uses structures. identifying 
all those control points find the 
shortest ways connecting them 
without interfering with the useable 
spaces, 


Celebrated Ford Dome 


Yesterday flew over the dome 
constructed over the Ford Motor Com- 
plant Dearborn for their 50th 
anniversary. There was foot clear 
span and the dome that put place 
only 17,000 pounds. This was 
the weight any dome that 
arch frames, and the reason that 
was given the order that the con- 
methods solving the prob- 
would not do. went into place 
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about one fourth the time that 
takes put any other type dome 
into place. The Ford Motor Company 
dome was done with aluminum sheet 
struts. 


Experiments with Paperboard 

While were considering the Ford 
problem also had problem Yale 
University when tried out for the 
first time the use paperboard the 
making large When 
made the experiments even 
try get paperboard relatively im- 
pervious moisture, but simply tested 
out the dry strength paperboard for 
structures. made foot experi- 
mental dome which was installed 
top the architectural building Yale 
University for month and half. 
finally had remove because the 
rains began soften the materials. 
followed this with research program 
which six the Yale students did 
their theses work in- 
vestigation the possibilities devel- 
oping paper boards that would 
ciently impervious water 
these paperboard constructions. The re- 
sults their work indicated that was 
possible papers which with 
phenol resin content would 
sufficiently stable against moisture, 
and that papers this phenol resin 
gated paperboard, and used water- 
proof adhesive, might able 
build structures that would satisfac- 
tory without further treatment. How- 
ever, the problem also required opera- 
tion large paper-making machines 
$3,000 hour, well the possi- 
bility vast sums for damage that 
might done such machines 
result experiment. So, started 
information about paperboard structures 
without having wait for the paper 
industry familiarized with our 


problem, took the corrugated paper- 
boards, made structures out them, 
and painted them with poly-ester resins. 
saw that might possible use 
the paperboard forms for laminates 
with great economy. saw too that 
the poly-ester resin laminate art there 
was viewpoint tooling which per- 
sisted from the forming metals, 
which seemed say that wanted 
must have high speed cycles form- 
ing which could done only using 
withdrawable tools. poly-ester resin 
forming could employ heats and 
pressures, and could use dies give 
those heats and pressures. 
ized that cardboard there lay the 
would inexpensive that could 
leave them right the construction 
work, and that this could change the 
entire concept production. Not only 
could leave cardboard forms inside 
laminates, but doing would 
not faced with the structural neces- 
sity designing that tools could 
saw that after could 
leave our forming tools cardboard 
the work, could readily laminate 
360 degrees around the forms, leave the 
forms place, and doing, in- 
crease strengths greatly. The dead 
weights the cardboard left place 
were negligible and the cardboards 
themselves were the original water- 
proof construction they had tendency 
take any additional weight 
importance from dead weight view- 
point. found that making struc- 
tures poly-ester laminates wrapped 
around cardboard structures could 
not only make 360 degree enclosure, 
but could follow through around joints 
and complex types joints such 
pretzel joints that could begin 
what nature herself does build- 
ing tree, starting with 


Domes Light One Pound 
Per Square Foot 

Thinking the cardboard originally 
used tendril such nature uses 
starting plant, found that 
wanted run out branch could 
wrap more laminates around because 
360 degree laminate does not require 
mechanical structural bond the struc- 
ture below but simply has adhere 
itself and complete its own rings. 
The strength inherent the surface 
rings themselves, following through 
this kind structure developed 
the enclosure used the Ford dome. 
Here, space was covered lbs. 
structure per square foot. The light- 
est dome previous history was one 
built Great Britain two years before 
which they had accomplished cover- 
age per square foot cover- 
age space. The new method using 
and glass cardboard began 
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give dome enclosures that were very 
close Ib. per square foot. the 
experiments the different universities 
excited the interest some the 
armed services—in particular the Marine 
Corps. The Marine Corps has lot 
new advance base problems en- 
tirely new type. They came 
North Carolina State College, where 
had started one projects, and 
told their problem which springs 
from the fact that due entirely new 
technology aircraft, air strips are 
longer needed. Therefore, possible 
The new vulnerability and new success 
advance base strategy are going 
depend upon the rapidity with which 
bases can moved. 


Expendable Mass Housing 


They also needed advance base hous- 
ing which can installed seconds, 
and which must very much more 
effective housing than the old tentage. 
The Marine Corps hearing about the 
work were doing very light struc- 
tures which were now getting into card- 
boards and poly-esters, presented the 
problem very frankly being critical 
one. started further experiments 
structures cardboards and poly-esters. 
tests columns made cardboard 
that was poly-ester treated, and glass, 
found that were overbuilding 
and getting much more strength al- 
though the structures were extremely 
light. was discovered that card- 
board column just painted with poly- 
ester gave similar strength. For ex- 
ample, taking light paperboard, about 
Ibs. per thousand square foot cor- 
rugated board, and making column 
which the corrugations were degrees 
the axis the column, and using 
very light paper liner, such column 
with inch edge the triangle, 
section and ft. high weighed only 
about one-fourth pound and 
press just paperboard, would accor- 
dion and collapse when the press got 
when painted with poly-e ter with 
average thickness less than 1/64th 
was without the glass. found that 
the poly-ester was being reinforced 
the little fibers the kraft paper itself 
and that this thin reinforced egg-shell 
form construction was giving 
explore further with 
result, the present moment 
are building Cornell foot dome 
for the Marine Corps which gives 
thousand square feet cover. 
being covered with poly-ester coated 
water-proof card boards the V-series. 
The components this dome are dia- 
mond shaped structures about feet 
edge the diamond about feet 
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along the longest axis. They look some- 
thing like oak leaf. They have 
long convex curvature toward the center 
the building the long axis, and 
concave curvature the short axis. 
bostitched the units together and the 
foot structure covering 1,000 square 
feet, weighing 400 pounds, will 
down 4/10 pound per square 
foot covered surface, and will carry 
the full snow loads. 


Work with Universities 


are carrying this same princi- 
ple work great many 
this year; Princeton, the University 
Minnesota, Tulane, University 
Virginia, Virginia Polytechnic Institute, 
and the Massachusetts Institute Tech- 
nology. all these universities the 
students are learning work directly 
with the new resins instead the de- 
signers working-up dream ideas 
paper and then wondering what con- 
tractor can possibly carry out such work. 
These students are actually making the 
structures themselves. can tell you that 
from the viewpoint -of adhesives 
have number important new prob- 
lems. all these schools are 
face face with very desirable new 
adventures, for instance, what 
could with Mylar, little known 
Dupont material. made 36-foot 
dome with Mylar and waterproofed 
plywoods the University Oregon 
last year, which students, eight 
days, working three shifts around 
the clock, produced finished structure. 
However, when came the adhe- 
sion the Mylar the wood 
against it. Being very stable Mylar 
was extremely desirable. Here was 
thin film which could encloe large 
structures effectively 
and with great economy and speed 
only knew how adhere it. 


Adhesive Problems 


Last summer had opportunity 
build large dome Wood Hole, 
Massachusetts, and also was 
covercd with Mylar. obtained 
mill Mylar from Dupont 
experiments. tried out all adhesives 
recommended Dupont. had 
tried them out the Mylar enclosed 
growth house for North Carolina State 
Agricultural School where had very 
poor success. However, Concord 
finally did find adhesive which 
would seem from Mylar Mylar and 
from Mylar wood effective. 
ft. edge, therefore about 
feet its long axis. was made 
panels Mylar adhered and over- 
lapped about inches. That was 
October, and went through snow 
loads and enormous storms that winter. 


was installed high panel 
the structure where the gales would 
come under and over it, 
spring was completely nonfluttering. 
this time still not fluttering, and 
still can walked on. man can 
decided the adhesive was pretty good. 
However, found other schools, 
couldn’t duplicate the 
work have done Concord. 


the case the Cornell dome 
are for the just stitching the 
edges the diamonds. are going 
them together temporarily for the 
poses the Marine Corps 
ning tape the joints. However, the 
Marine Corps looking this latest 
run have agreed that relatively 
inexpensive that probably would pay 
throw adhesives and when through 
with it, just leave it. found thot 
can make thousand foot 
that weigh only 1400 each 
assemble them preferred places and 
fly them other places with 
the end last January did start 
flying domes with helicopters from 
hind the lines the 
That was 1400 dome and you 
imagine how effective the 400 dome 
will that are doing 
Two weeks ago the University 
Michigan, had one-week problem 
the architectural school where 
made 14-foot diameter three-quarter 
sphere, feet high, out poly-estered 
cardboard. was very rapidly made 
triangular facets that weighed only 
lbs. were able take the structure 
apart two minutes, but had put 
adhesives, course, would have 
had crush find some way 
disposing it. don’t think pays 
separate adhesives such structures. 
and you either make them with adhe- 
sives such structures, and plan 
fly them from one place another, 
else leave them behind. 


hope that very informal way 
dealing with this problem will en- 
courage you your work. con- 
vinced that new knowledge going 
lead entirely new ways enclosing 
space, that very intimate the 
advance strategy, and will due 
some importance our civilian 
the enclosure space the 
tively stable polyester paperboard 
domes, the new paperboard domes 
that can make without doing any 
sible turn out many million 
foot domes one day, thus 
you entirely new concept the rela- 
tionship man space enclosure from 
anything that have known before 
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Liability Manufacturers Forest Products 
Industries For Harm Done the Product 


EDWARD FELDMAN 


Executive Secretary, Furniture Manufacturers Association Southern California, Los Angeles 


Historical background leading courts holding the manufac- 
turer increasingly responsible for injury done ultimate user 
explained. would appear this trend will continue and that the 
manufacturer should obtain protection this area. 


Introduction 


ITIGATION WHICH manufacturers 
forest products are defendants be- 
cause injuries users those prod- 
ucts increasing daily. The discussion 
liability for such injuries legal and 
insurance circles prominent that 
proper review the legal position 
the manufacturers these 
has changed slowly over the past 
several decades and swiftly over the past 
few years, well try predict 
what likely develop that legal 
position the near future. And, 
part this review, shall see what 
steps can taken guard against the 
hazards which have been created. 


This review will confined the 
manufacturers’ liability users their 
products other than their immediate 
vendees. Liability suppliers who are 
not manufacturers has been discussed 
elsewhere some length (1). 


II. Basis Liability 


Historical Background: The 
law which deals with liability for these 
injuries interesting state de- 
velopment with most this develop- 
ment leading greater accountability 
producers and sellers the users. 
“In the case the sale chattels, 
both the English and American law 
have broken almost entirely away from 
the ancient rule caveat emptor, that 
the buyer must make his 
tion, rely upon his own judgment and 
assume the risks any defects what 
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buys, which still applied the 
sales real property Our social 
philosophy has changed over the years 
from attitude shielding the man- 
ufacturer and seller from responding 
damages whom they did not 
know and who might hundreds 
miles away from the factory the 
store. Enterprise liability (3) now 
generally recognized based upon 
the principle that manufacturer 
dealer has responsibility the ulti- 
mate consumer, “based upon nothing 
more than the sufficient fact that has 
dealt with the goods that they are 
likely come into the hands an- 
other, and harm they are defec- 
tive (4).” 

Justice Jackson dissenting 
recent Supreme Court decision concern- 
ing the Texas City disaster litigation 
demonstrated the necessity 
greater accountability his vivid way 
(5): 

ing, when ever-increasing extent 
our population dependent upon mass 
producers for its food and drink, its 
cures and complexions, its apparel and 
gadgets. These are longer natural 
simple products but complex ones 
whose composition and qualities are 
often secret. Such dependent society 
must exact greater care than more 
simple days and must require from 
manufacturers producers increased in- 
tegrity and caution the only protec- 
tion its safety and well-being 

When one gives the matter some 
thought does become apparent that 
there are opportunities enough the 
manufacture furniture, bedding equip- 
ment and appliances, fork lifts, 
scaffolds and stepladders create de- 
fects which can lead bodily harm. 
spring may fly from divan and 
strike someone the eye; bed slat may 
break, sending pregnant woman 
the floor with crash; the catch 


garden chair may snap quickly, cutting 
off finger the unlucky operator; 
rung stepladder may fracture, caus- 
ing the window-washer fall the 
ground several feet below with not 
little damage his sacroiliac; the panel 
raiser head shaper may disinte- 
grate, permitting the hand the oper- 
ator badly cut. Our mores will 
determine who should bear the burdens 
the losses caused these injuries. 
The task the law shape theories 
and thus the procedures which these 
objectives are translated into social ac- 
tion. life the law,” said Mr. 
Justice Holmes, not been logic; 
has been experience (6).” 


any event, the early years the 
Nineteenth Century there seems have 
obtained body judicial opinion 
England and the United States which 
held the belief that industrial and 
commercial progress would stifled 
the entrepreneurs were saddled with too 
heavy liabilities for the injuries caused 
the things which they produced. The 
law, therefore, developed 
against plaintiffs who were injured 
such products these plaintiffs were 
too remotely related the manufac- 
turer (7). 

This opinion well illustrated, in- 
deed formulated, famous English 
decision the year 1842. gentle- 
man the name Wright made 
contract with the Postmaster-General 
England supply mail coaches and 
keep them fit. Winterbottom was 
coach driver for firm which had 
contract with the Postmaster-General 
deliver the mail these 
fall day 1840 Winterbottom was 
thrown from his coach when gave 
way and was rather badly hurt (9). 
thereupon sued Wright, the supplier 
the coach. 


Now, observe that Winterbottom, the 
driver, was party contract with 
the defendant-supplier keep his coach 
good repair. The court found this 
fatal defect the plead- 
ing. The judges could not find any duty 
care which the supplier owed this 
man. And there was duty, there 
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could have been breach duty for 
which the plaintiff could recover for 
his aches and pains, bills and 
loss future earnings. the course 
his opinion Lord Abinger declared 
that 


“There privity contract be- 
tween these parties; and the plain- 
tiff can sue, every passenger, even 
any person passing along the road, 
who was injured the upsetting 
the coach, might bring similar ac- 
tion. Unless confine the operation 
such contracts this the parties 
who entered into them, the most ab- 
surd and outrageous consequences, 
which can see limit, would 
ensue (10).” 


And Baron Alderson 
with his own remarks, adding them, 
has been wryly said, 


(11): 


were hold that the plain- 
tiff could sue such case, there 
point which such actions 
would stop. The only safe rule 
confine the right recover those 
who enter into the contract: 
one step beyond that, there 
reason why should not fifty.” 


This decision, then, appears have 
gone further than hold that action 
against the coachmaker could main- 
tained his contract with the Post- 
master-General; but has been univer- 
sally misinterpreted, and certain dicta 
the judges were taken mean that 
there could action even tort 
and even the chattel had been 
defective condition when was sup- 
plied. Springing from this decision, 
there developed general rule which 
has prevailed until quite recent years, 
that the original seller goods was 
not liable for damages caused their 
defects anyone except his immediate 
buyer. 

Thus, the early law barred person 
who was injured 
product which had not purchased 
from the manufacturer himself first, 
contract (because there was contract 
between the user and the manufacturer) 
and, second, tort (because the manu- 
facturer owed duty the user who 
was not immediate vendee, that is, 
was not party contract sale 
with the manufacturer). 

But this rule was harsh one, and 
our economy has become more com- 
plex has become necessary shift 
the damages suffered from the backs 
the injured and spread them little more 
equitably among those who were re- 
sponsible for the injuries, namely, the 
producers. How this has been happen- 
ing really the point this narrative, 
for demonstrates the rather rapid 
shifting this burden recent years, 


316 


and the need for all producers guard 
themselves against the risks enterprise 
liability. 

uct recover from him for injuries 
has suffered the use that prod- 
uct must convince the court that the 
producer has broken duty owed 
the user arising either out contract, 
arising from obligation use 
care imposed law. The breach duty 
imposed law, that is, not arising out 
gence,” and shall take the devel- 
opment ability negligence first. 


Negligence Liability: Negligence 
not act itself, but fact which 
defines the character act and makes 
duty care which owed an- 
other causing him injury whereby 
damaged. There must duty, break- 
ing the duty, the breaking must 
done the manufacturer, 
must damage the object the 
duty-breach. any these elements 
are missing the plaintiff may out 
court, for will not have made out 
the elements prima facie case, that 
is, case which judging the 
allegations only and nothing more 
the way proof from plaintiff de- 
fendant would entitle the plaintiff 
recover. 


Duty: Whether manufacturer 
will liable injured user his 
product tort for negligence will de- 
pend, have seen, upon whether 
there has been imposed duty not 
injure that user. Winterbottom Wright 
(12) held that the producer had 
duty user not party contract 
with him. put another way, the 
duty care was limited 
the parties the contract. The limits 
the liability for negligence and for 
breaches contract cases this char- 
acter were held identical (13). 
The result all this was that third 
parties who without any fault their 
own were injured the negligence 
the manufacturer while using 
ucts innocently for the purpose for 
which they were made could not re- 
cover because the manufacturer owed 
duty them strangers. 

have noted, this rule became 
quite fixed our law, much so, that 
the courts rather than upset the rule 
engrafted exceptions it, order 
mitigate the harshness its operations 
(14): 

facturer which imminently dangerous 
the life health mankind, and 
which committed the 
sale article intended preserve, 
destroy, affect human life action- 
able third parties who suffer from 
the negligence. The most famous case 


establishing this exception Thomas 
Winchester (15), where dealer 
drugs sold druggist jar bella- 
donna, deadly poison, and labeled 
“Extract Dandelion.” The druggist 
used this fill prescription for ex- 
tract dandelion prepared phy- 
sician for his patient. The unlucky pa- 
tient took the prescription thus filled, 
but she did recover from the whole- 
sale dealer for the injuries she sustained. 


which causes injury one who in- 
vited him use his defective 
ance upon the premises may 
form the basis for action against 
the owner. So, Coughtry 
Woolen Company (16) the owner 
building employed Osborn Martin 
construct cornice, and agreed 
them furnish scaffold upon 
their men could perform the 
furnished the scaffold, and one the 
employees the contractors was 
jured the negligence the 
constructing the scaffold. The 
held that the act the owner was 
implied invitation the employees 
Osborn Martin use the 
and imposed upon him liability for 
negligence its erection. 

One who sells delivers article 
which knows imminently dan- 
gerous life limb another with- 
out notice its qualities liable any 
person who suffers injury 
which might have been reasonably antic- 
ipated, whether there were any con- 
tractual relations between the parties 
not (17). Where the plaintiff alleged 
that the defendant-manufacturer had 
knowingly faultily made cover for the 
cylinder threshing machine which 
would not sustain the weight 
operator’s body, although was clearly 
necessary that the operator would have 
walk the court allowed recov- 
ery (18). 

the other hand, where the court 
does not find the product immi- 
nently inherently dangerous may 
fail find that the manufacturer has 
has not sold the article because 
outside the third men- 
tioned. Thus, Field Empire 
Goods Co., (19) the plaintiff sued the 
hold furniture who had made 
cassian walnut bed,” which had been 
sold the plaintiff Macy and 
Company. The plaintiff 
about year after she had purchased 
“while she was properly and 
said bed while her home 
pregnant condition and about 
delivered child, the strips 
fastened attached the inner 
the bed, upon which the slats 
suddenly broke and gave way, 
tating plaintiff the floor, reason 
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which, and caused thereby, she suf- 
fered the injuries for which she seeks 

denying recovery the Court would 
rot recognize that bed could 
cagine harm. 


action cannot maintained the 
facts alleged the complaint, which 
not remove the case from gen- 
eral rule that action for negli- 
gence cannot maintained third 
persons against the manufacturer 
article not and itself immi- 
nently and inherently dangerous. 
ordinary bed not article that 
reasonably certain place life and 
limb peril when negligently con- 
structed, which itself, the 
gives any warning dangerous con- 
sequences attending its use, and 
the manufacturer not charged with 
knowledge danger its contem- 
plated use, ‘not merely possible but 

ordinary wooden bed such 
common article and such uni- 
versal use, its manner construction 
and method use having remained 
the same for generations, that 
may take judicial notice its con- 
struction, especially when aided 
the allegations the sixth and 
seven subdivisions the complaint, 
and the fact that the strips 
wood the inner sides the side- 
pieces which form support for slats 
were laid crosswise, but short dis- 
tance from the floor, sometimes give 
way. The drop the floor, however, 
slight, the body the occupant 
usually well surrounded pro- 
tecting bedding, that bodily injuries 
cannot reasonably expected re- 
sult therefrom. Such bed not 
inherently immediately dangerous 
the case bar the fact that this 
bed had been use for nearly year 
preceding the accident, without indi- 
cation weakness defective con- 


These exceptions nevertheless have 
proved fruitful methods wid- 
ening the breach the 
ers’ citadel (20) negli- 
gence cases. Let see how this has 
happened, beginning with the famous 
opinion Judge Cardozo Mac- 
Buick Motor Company, 
(21) case which the manufacturer 
sold retail dealer who turn 
sold the plaintiff. Because de- 
fective wooden spokes the wheel the 
collapsed while plaintiff was it, 
injuring him, Apparently the manufac- 
turer the car who 
the wheels from manufacturer 
wheels could have discovered the de- 
inspection, but the defendant 
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failed make such inspection. hold- 
ing that the car manufacturer was liable 
the New York Court Appeals, 
through Mr. Justice Cardozo, held that 
the principle liability established 
Thomas Winchester was not limited 
poisons, explosives and things 
like nature, that is, things which 
their operation are implements 
destruction: 


“If the nature thing such 
that reasonably certain place 
life and limb peril when negli- 
gently made, then thing 
danger. Its nature gives warning 
the consequences expected. 
the element danger there 
added knowledge that the thing will 
used persons other than the 
purchaser, and used without new 
tests, then, irrespective contract, 
the manufacturer this thing 
danger under duty make 
carefully. That far are 
required for decision this 
case. There must knowledge 
danger, not merely possible but prob- 
able. possible use almost any- 
thing way that will make 
dangerous defective. That not 
enough charge the manufacturer 
with duty independent his con- 
tract. Whether given thing dan- 
gerous may sometimes question 
for the jury. There must also 
knowledge that the usual course 
events, the danger will shared 
others than the buyer. Such 
knowledge may often inferred 
from the nature the transaction 
but possible that even knowl- 
edge the danger and the use 
will not always enough. The 
proximity remoteness the rela- 
are dealing now with the liability 
the manufacturer the finished 
who put the market 

used without inspection his 
customers. negligent where 
will follow. such circum- 
stances, the presence known 
danger, upon known use, 
makes vigilance duty. have put 
aside the notion that the duty 
safeguard life and limb, when the 
consequences negligence may 
foreseen, grows out contract and 
nothing else. have put the source 
the obligation where ought 
be. have put its source the 


this extension the exceptions 
this way, the courts have arrived 
the position that the mere probability 
harm better describes limitations 
the ability the manufacturer 
escape liability where 
cause injury the user, today 
the duty care with 


respect his products extends just 
about far the prudent eye can 
foresee unreasonable harm (22).” 

Applying these principles the Su- 
preme Court California has held that 
was question fact for the jury 
determine whether not exten- 
sion ladder recent manufacture, 
when used the plaintiff was using 
became instrument imminently 
dangerous human life limb (23). 
Plaintiff had been standing the top 
rung the ladder hanging window 
screens when the rung collapsed, and 
conflicting testimony was introduced 
whether the ladder manufacturer 
inspected the stock used and whether, 
did not, there was any obligation 
so. 


seen, there can legal liability and 
cause action cannot exist the 
absence corresponding duty owing 
the party sought held the 
party injured. have seen that the 
scope this ever widening. 

Now readily apparent that 
injury can arise unless the legal duty, 
whatever is, has been breached 
the manufacturer. Without such 
breach, there can actionable neg- 
ligence. The plaintiff must show that 
his injury traceable specific con- 
duct the manufacturer which falls 
below the legal minimum standard 
care. And proving the breach 
duty part the case which the plain- 
tiff must make. This is, course, not 
always easy task perform, involv- 
ing may, good deal engineer- 
ing and other expert testimony, but 
can and has 
done (24). 

Usually there evidence tending 
show that the injury caused defect 
traceable the and some- 
times there evidence that the defend- 
ant’s general program care inade- 
quate (25). 

course, the plaintiff must also 
show that was the act failure 
act the defendant-manufacturer 
which caused the injury Thus 
ladder which collapsed, clear 
that, unless had business there, 
the manufacturer’s act assembling 
defective rung into the ladder which 
led his injury. However, not 
called, too frequently litigated. 
usually unquestioned and unquestion- 
able that the defective rung the 
ladder caused the fall that the mouse 
the soft drink bottle led shock 
and illness. 

Therefore, matter reading the 
decided cases, appears that plaintiffs 
need usually show only that the injury 
was caused the prod- 
uct order get the court find 
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there cause action, thus leaving 
the jury determine whether the man- 
actions were such could 
Remember that without characterizing 
the manufacturer’s actions 
gent” the injured plaintiff will not 
have any recovery. 


Since the injured plaintiff seldom has 
any direct proof what has occurred 
the plant, usually 
must resort circumstantial evidence 
negligence. However, some courts 
will help the plaintiff over this hard- 
ship proof negligence not only 
letting the case the jury 
mere showing causation, but also 
recognizing presumption negli- 
gence the favor without, 
however, shifting the burden proof. 
Others even further helping the 
plaintiff giving him the benefit 
presumption negligence the de- 
fendant, thus compelling the defend- 
ant prove that was negli- 
gent (27). 

The defendant may rebut the 
showing that the defect was one which 
could not have been discovered 
avoided the exercise all reason- 
able care. The prevailing view, how- 
ever, that mere testimony that proper 
methods have been used does not nec- 
essarily destroy the inference 
drawn from the presence something 
inconsistent with reasonable care, and 
the question negligence one for 
the jury. 

Another means rebutting the 
evidence negligence the defend- 
ant introduce evidence showing 
the care the defendant uses making 
the product. This evidence is, theoreti- 
cally, two kinds: the first relates 
the specific article causing the plain- 
injury. Unfortunately for him, the 
defendant almost never able give 
account what happened the 
particular case. Like the plaintiff, 
must fall back circumstantial evi- 
dence. The second kind relates the 
general program precautions taken 
with respect the product guard 
against the kind injury suffered 
the plaintiff. Here the defendant elabo- 
rately describes his methods manu- 
facture (including technological devices 
for intercepting defects), his inspection 
programs, and his housekeeping meth- 
ods. Evidence such this may used, 
inferentially, show (1) that the 
defect could not have occurred the 
plant, (2) that, even 
did, there was negligence. 

However, the issue not what 
happened generally the manufac- 
plant, but rather what happened 
this instance, not surprising that 
the plaintiff's chances recovery are 
quite good when shows causation. 
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Damages: The 
breach duty must result injury 
the plaintiff order sustain 
recovery against the defendant. But 
once plaintiff has shown the injury the 
damages awarded can quite high, 
and when the defendant fairly well 
known corporation the jury will tend 
even more sympathetic the plain- 
tiff than otherwise. And where dam- 
ages may amount which will 
compensate for all the detriment proxi- 
mately caused thereby, whether could 
have been anticipated (28) 
easy realize they may very 
expensive. For example, Phillips 
Ogle Aluminum Furniture, Inc., (29) 
the jury returned verdict favor 
plaintiff $25,000. She was injured 
falling from chrome dinette chair. 
The husband who lost the services 
his wife result her injuries was 
awarded $3,500 for consor- 
Other decisions have also 
sulted substantial verdicts (30). 


Defenses: course, when the 
plaintiff bases his cause action 
the negligence the man- 
ufacturer may able show that 

laintiff contributed his own injury 
his own negligence. most states 
enough take the defendant 
out from under any liability all. 
illustration may found the furni- 
ture manufacturing industry, again, 
interesting bit litigation Cali- 
fornia (31). 

Plaintiff and her husband bought 
aluminum type chair from furni- 
ture dealer. had been purchased K.D. 
dealer and assembled him. The 
plaintiff stood this chair place 
sugar bowl the cupboard above her 
refrigerator. When she placed her hand 
the back the chair get down, 
the back fell off and caused her fall 
one the uprights, which went 
into her body, causing her serious in- 
juries. The evidence tended show 
that the dealer had used slightly shorter 
screws assembling the plywood back 
the frame than those the manufac- 
turer claimed had sent along the 
dealer. appeal from sizable ver- 
dict (32) favor the plaintiff and 
her husband, the defendant store de- 
clared that the acts the store were 
not the cause the injuries. argued 
that there was evidence that the 
chair was not perfectly safe for the 
sole purpose for which was con- 
structed, that is, for sitting on, and 
that was not designed used 
substitute for stepladder. But the 
court declared: 

chair sit it, cannot said, 
matter law, that could not 
reasonably anticipated that the 
described chairs would used for 


the purpose standing upon them. 
This question, well the ques- 
tion whether the negligence 
appellant was proximate cause 
injuries were factual ques- 
tions for the jury determine, 
did under instructions fully 
covering those 


“We will next discuss the con- 
tention that standing chair 
this design was contributory 
gence matter law the par: 
respondents. Appellant 
that ordinarily the question con. 
tributory negligence one largely 
fact for the jury, but the instan: 
case the conduct the 
was plainly negligent that 
appears from the evidence that 
short taking the 
would have divulged that the 
was attached short inadequat 
screws. conclude that the ques 
tion whether Mrs. Phillips was negli 
gent standing upon this particula 
chair, under the circumstances, anc 
whether such negligence, any, con 
tributed proximately the cause 
her injuries, was factual 
for the jury determine.” 


the case food and drugs (33), 
law ordinarily requires that there 
maintained the plaintiff. 
the plaintiff saying that has 
representations, express implied 
the manufacturer, quality quali- 
ties, that these representations 
false, and that the plaintiff was hurt 
relying them. 


Where the representations are 
they have articulately been set 
forth announced one way an- 
other (such advertising news- 
papers). Warranties, which are 
plied” are representations which arc 
the seller law, regardless 
any failure make any express rep 
resentations the seller. 

Under the Uniform Sales Act (34) 
where the buyer expressly 
implication, makes known the seller 
the particular purpose for which the 
goods are required, and appears that 
the buyer relies the seller’s skill 
judgment (whether the grower 
implied warranty that the goods shail 
reasonably fit for such purpose. 

Where the goods are 
description from seller who 
goods that description, (whether 
not) there implied warranty that 
the goods shall 
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However, plaintiffs have not been too 
successful against manufacturers 
kind litigation, although one 
two cases recovery has been allowed 
against automobile 
who had relied special ad- 
vertising claims the manufacturers 
when they bought their cars (35). 


suing manufacturer forest prod- 
ucts case concerned, that repre- 
sentations have been made him 
for breach warranty, will find 
that the warranty, any, does not run 
him, all. where the wife 
the purchaser bed from dealer 
suffered because bed 
rail broke, she was 
(36). There was reason for alter- 
ing the requirement privity: 

bed, such that described 
the petition obviously not 
article that and itself immi- 
nently inherently dangerous the 
users thereof. Ordinary humans spend 
practically one-third their span 
life bed. Therefore, may prop- 
erly assume that ordinary humans pos- 
sess knowledge the mechanism 
wife not being party the con- 
tract purchase, cannot maintain 
this action.” 


the wife could not hold the dealer, 
how could she hold the manufacturer 
who even more 

New York State, least, there 
procedural way placing the lia- 
bility the wrongdoer-manufacturer 
bringing him into the suit when the 
plaintiff sues the dealer from whom 
bought the product. the plaintiff re- 
covers from the dealer for breach 
warranty, the retailer can hold the 
wholesaler, who turn can ultimately 
hold the negligent manufacturer (37). 

All all, until such time the 
courts equate the ending the privity 
requirement food and drug cases 
all other products, plaintiffs must con- 
tinue against the manufacturers 
tort for negligence (38). course, 
there could going back earlier 
times and finding that the duty the 
manufacturer described any war- 
make. 

the manufacturer fails live 
these implied law warranties, then 
will have breached his duty the 
plaintiff. But this far say that 
public policy requires stricter liability 
their products. these public policy 
questions turn now. 


What the Future for 
Enterprise Liability? 


have seen from the foregoing 
survey legal history found judi- 


cial decisions settling disputes between 
the injureds and injurers that there has 
been tendency more modern times 
hold the agency causing injury 
user liable him various the- 
ories law, and matter how remote 
the user may from the manufacturer. 


The earlier decisions the 
tended shield private enterprises from 
excessive liabilities for their injuries be- 
cause presumably was felt that eco- 
nomic development would not proceed 
the necessary pace unless this were the 
case. But the good things life have 
now been obtained abundance, al- 
though large increase hazards 
the individual. search find 
more comprehensive more ade- 
quate means protection for all vic- 
tims personal injuries and death, 
least those resulting from the mechan- 
ized good things 
without placing too heavy burden 
enterprise any other segment the 
social group (39).” 

would seem that the tendency 
the courts has been find liability even 
where there has been moral fault, 
that is, even where there has been 
absence any desire cause the user 
harm. Yet our law negligence 
based upon placing the de- 
fendant does not act reasonably 
guarding against foreseeable injuries 
the plaintiff. That this may not 
satisfactory way settling liability 
and providing compensation for the 
losses injured users has been sug- 
gested several writers (40). 

What the law should want know, 
according Professor Albert Ehren- 
zweig the University California 
School Law, whether liability can 
fairly imposed the enterprise be- 
cause the harm done was for its 
activities, and thus calculable 
sonably insurable the enterprise. This 
quasi-strict liability would imposed 
upon enterprise without consideration 
moral fault and would 
juries which, being typical for the par- 
ticular enterprise, could have reasonably 
been foreseen (though not avoided 
without abandoning the enterprise) 
the entrepreneur when starting his activ- 
ity (41).” 

Quite aside, then, from the years 
efforts manufacturers machinery 
equipment materials the forest 
products industries produce 
products, clear that certain num- 

accidents injuring persons and 
property (43) are inevitable. And quite 
aside from the theoretical, academic 
judicial discussions methods 
distribution,” clear that the producer 
would well seek protection, prob- 
ably most readily obtainable through in- 
surance. Again, not mean 
become embroiled any discussion 
the place insurance establishing 


liability for the kind harm have 
been considering here, Rather, mean 
only advocate the carrying this 
type coverage the light the quite 
obvious extension the risk doing 
business today the part the entre- 
preneur (43). 

True, the business world generally 
quite aware this kind insurance 
and its relatively low cost. Yet there are 
many producers who are without it. 
The user, course, through the price 
mechanism will ultimately pay for this 
cost doing business, but such diluted 
cost him infinitesimal burden 
opposed the possibility that recov- 
ety upon judgment will had against 
irresponsible producer small finan- 

Conceivably, too, possible for 
group related entrepreneurs take 
out single policy insurance pro- 
vide this coverage, and thus reduce the 
amount the premium somewhat. 

ago, insurance against hazards turn- 
ing out products not enough. The 
law demands that measure 
certain standards conduct making 
responsible, within the limitations 
noted, for the injuries cause. 
must seek improve our processes 
research, manufacture, assembly, inspec- 
tion and maintenance reduce the area 
possible harm users. While 
may rely bit longer the 
doctrine that user contributed 
his own injury the manufacturer may 
escape liability, must also realistic 
and observe that this doctrine being 
replaced gradually stricter liability 
our part. 

That the trends are have outlined 
there for anyone observe and 
study. should take them into ac- 
count and obtain protection from this 
area risks doing business, while 
the insurance industry and our courts, 
legislatures and universities seek better 
methods distributing the losses suf- 
fered result the operation our 
enterprise system. 
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Reducing the High Cost Information Using 
the Statistical Approach Research 


BEN BRYANT 


Assistant Professor Forest Products, College Forestry, University Washington, and Research Consultant, 
Co., Adhesive, Resin and Chemical Division, Seattle, Washington 


possible reduce the high cost research information 
using statistical methods design and analyze experiments and 
discriminate between sets research and production data. The 
application sound statistical methods research will result 
more information higher quality less time than possible 


when such methods are not used. 


The author presents the conditions which must met re- 
search workers are take advantage the increased efficiency 
offered the application statistical methods. Specific examples 
are cited the types problems which are suited statistical 
treatment and the advantages gained such treatment are brought 


forth. 


Introduction 


EMBERS THE Forest Products 

Research Society whole 
probably fall into one two cate- 
gories: (1) those who are directly 
indirectly concerned with acquiring in- 
formation relative forest products 
the forest products industry and 
(2) those who are concerned with 
applying such information various 
phases marketing. The chances are 
that most our information comes 
three general ways: (a) comes 
written form from outside our own 
organization; (b) acquired 
the direct, uncontrolled experience 
ourselves those within our organ- 
ization; (e) originates the re- 
sult the controlled experience 
ourselves other people within our 
organization. 

Have you ever thought about the cost 
the information which are prone 
take for granted? Consider the 
first category, the printed word from 
outside sources. comes, for example, 
from books, trade journals, the Jour- 
nal the FPRS, and Forest Products 
Laboratory reports. Though rela- 
tively inexpensive, this type in- 


ABOUT THE AUTHOR: BRYANT, 
DR. BEN Speaker, Session VI, General: 
“Reducing the High Cost Information 
Using the Statistical Approach Re- 
search” Assistant Professor Forest 
Products, College Forestry, University 
Washington, Seattle, Wash. Dr. For. 
Forestry from Yale University mem- 
ber University Washington chapter 
Westminster Foundation, FPRS member. 


322 


formation often not too pertinent 
our own problems, our own product, 
our own process; otherwise why would 
have research departments? 


The second category more costly 
type information—that gained 
personal experience. has cost 
time. The amount useable informa- 
tion have depends partly our 
formal training, partly 
nence the job experience which has 
led our present occupation, and 
partly our individual faculties 
intelligence and alertness, course, 
this type information difficult 
evaluate dollarwise, and the improve- 
ment the quality information 
gained uncontrolled personal expe- 
rience outside the scope this 

Now consider the third category— 
that information which originates 
the result our own—or someone 
else’s—controlled experience. 
might call research. Does cost 
much? Yes does, agree, but how 
much? 


The closer are the research 
effort the more appreciate how 
costly the useable information get 
from research must be. How often 
the results get after prolonged 
effort lead ask questions this 
sort: have really 
that’s worth knowing?” or: “Now 
interesting and humorous non-technical 
treatment this subject may found 
book Kenneth Keyes, Jr. How 


Your Thinking McGraw Hill, 
1950. 246 pp, illus. 


that have reached 
plicable are the conclusions our 
product the lim- 
its the experiment really too narrow 
make the conclusions 
Thoughts like this provoke the mind 
the critical reviewer who may 
led doubt the practical nature 
the results well their reliability. 

The technical director large 
wood adhesive company estimates the 
cost research time five six 
dollars per hour. When price tag 
like this attached research one 
wonders needs cost much for 
the amount information received 
whether more information might 
extracted per dollar invested time. 


the high cost information there may 
willingness the part those 
who are dissatisfied with the return 
research investment inquire into 
the truth the assertion that the ap- 
plication sound statistical methods 
research will result more informa- 
tion higher quality less time 
than possible when such methods 
are not used. 


attempt will made this 
paper give short course research 
methods, but attempt will made 
establish the logical economic place 
research and point their 
advantages using specific examples 
from several phases the forest 
products field. 


the Statistical Approach 
Research New? 


Statistical Quality Control too! 
which only recently has been 
attention the forest products indus- 
try although SQC methods have bee: 
onger time. glance FPRS 
for the past few years and the 
gram for this annual meeting 
cient indicate its growing 
ance the wood industries. 
methods used designing 
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and analyzing data are research what 
SQC production. Just SQC was 
perhaps bit slow being accepted 
the woodworking industry, the use 
research statistics also seems 
cetting off slow start. 


The statistical approach research 
has been tried and found satisfying 
other industries evidenced the 
ever-growing list books the 
the woodworking industry 
where research being carried out. 
before will see more evidence 
statistical methods being applied— 
ind misapplied—to forest products re- 
search. Certainly the promotion the 
possibilities offered the statistical 
approach falls clearly within the stated 
purpose the FPRS. 

Workers the field silviculture 
and forest mensuration were quick 
learn how apply statistical designs 
and analysis their research problems. 
They were able translate published 
the field agriculture—where its use- 
fulness was already established—to 
forestry problems. has been 
nearly years since the 
ular work was published the appli- 
cation statistics forest mensura- 
tion and slightly more than that since 
first was taught forestry 
The Forest Service has conducted 
school for research 
workers from the various branch ex- 
periment stations for about two decades. 


The foregoing evidence does not 
mean that advantage always taken 
statistical applications forestry 
research. Indeed, experience has shown 
that can misapplied the point 
where even common sense 
pushed the background when the 
worker becomes the servant 
tistics instead of. statistics the servant 
the worker. 


Why Not Statistical Applications 
Forest Products Research? 


There are probably number rea- 
sons why little advantage has been 
taken statistical methods applied 
forest products research. Chief 
among these the fact that research 
workers the forest products field 
come from such diverse backgrounds. 
are, general, chemists, chemical 
engineers, mechanical civil engi- 
neers, and graduates wood tech- 
aology. What are largely depends 
upon the background requirements 
particular work. 


Youden, J., 1951. Statistical Methods for 
Chemists, Sons, 126 pp., illus. 
Brownlee, A., 1953. Industrial Experimenta- 
Chemical Publishing Co., 194 pp., 

us. 


D., and Schumacher, 1935. 
McGraw Hill, 360 
illus. 
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With few exceptions, most 
have not been trained specifically 
research work forest products. 
those who have—perhaps men with 
gtaduate experience—most have 
had little exposure statistical 
methods, especially regards the 
philosophy sampling and the design 
and analysis experiments where sev- 
eral variables are studied two 
more levels each. Several schools 
forestry offer courses statistical 
methods either the upper division 
level that few stu- 
dents wood technology are able 
attain fair grasp statistical prin- 
cipals they apply their own par- 
ticular field interest. 

methods are not more widely used 
forest products research may due 
the lack adequate books the sub- 
ject. There growing list excel- 
lent reference books statistics, but 
some cases they are directed toward 
particular field, and others, 
attempt both general purpose 


‘and all-inclusive scope. Thus, 


difficult for research worker find 
single book which will take him 
from knowledge stat- 
istics the point where can apply 
statistical methods the problems 
hand without the 
deal study time. 


There are several impediments 
the efficient expenditure time 
studying statistics. One the conflict- 
ing—and often confusing—symbology 
and terminology among statistics books. 
Another the difficulty the beginner 
translating examples dealing with 
agriculture biology research prob- 
lems forest products. 

The enthusiastic planning tech- 
nical directors, section chiefs and co- 
workers adopt statistical approach 
research must take the factor 
human prejudice into account realistic- 
ally disappointment not come 
early. Prejudice manifests itself sev- 
eral ways: the reluctance give 
the old way, the easy way, varying 
one thing time experimentation; 
the reluctance accept the idea 
that another approach research might 
better than the present approach; 
the reluctance inspect critically 
the premises and assumptions which 
are the basis for the present pattern 
research; arid the reluctance make 
the effort acquire the habit this 
way thinking and operating 
which makes the old way, retrospect, 
look hopelessly inadequate. 


How Can Research Workers Learn 
Statistical Methods? 


not intended here present 
discouraging outlook those who 
would like use the statistical ap- 


proach research. the space only 
few months research organization 
may well along the way toward 
establishment efficient, sound, 
approach research prob- 
lems. Good progress for individual 
requires that four conditions met. 
Listed suggested priority 
these are: 


genuine interest the possible 
research efficiency 
offered the statistical approach. 

Sufficient background reading for 
good exposure the elementary con- 
cepts and terminology statistics. 


Guidance the planning and 
worker with some experience statis- 
someone who conversant with the 
field. 


experiments the planning phases 
provide personal experience with data 
collection and manipulation and get 
the “feel” the mathematical logic 
which need not understood 
explicitly. 

Short courses statistics for 
search workers are not satisfactory for 
the meeting all four the condi- 
tions listed. Seminars this sort may 
serve substitute for the reading 
phase. This stage the learning 
process also may shortened consid- 
erably using prepared outline 
summary the essential features 
beginning statistics, particularly ex- 
amples familiar data are used. But 
the final analysis, some individual 
almost essential research worker 
reach the point where can 
develop statistical ability his own. 
this point can learn much from 
the many adequate reference books 
the subject. 


What Kind Problems? 


Statistical methods can applied 
great variety problems the type 
which are likely confront research 
and product development personnel. 
Problems may vary considerably—from 
discriminating between two sets pro- 
duction data highly complex experi- 
mentation which requires 
committee, elaborate de- 
sign, long period time, consider- 
able expense, and, perhaps, even the 
services statistical mathematician. 
The author concerned with the ap- 
plication practical statistical 
ods the type which one man may 
use design, execute and analyze 
experiment relatively short period 
time, i.e. from one man-day about 
two three man-weeks actual 
effort, depending the length time 
required collect and analyze the 
data. this level statistics becomes 


323 


7 
7 
q 
7 
7 
| 
q 
7 
q 
q 


“bread and adjunct every- 
day research, 


Discriminating Between Two 
More Sets Data: The application 
simple statistics makes easy put 
mathematics work making deci- 
sions about two more sets data. 
For example, importer wishes 
determine whether Japanese white oak 
white oak making few tests 
representative. samples the former. 
ample data American white oak 
are available the answer can ob- 
tained easily, otherwise will nec- 
essary make somewhat more exten- 
sive tests involving the American 
species. 

Industry problems often are this 
sort: hardboard manufacturer wants 
know whether representative sam- 
ples his competitor’s product indi- 
cate that his own hardboard likely 
ing, just low lower water ab- 
sorption, etc. has, course, ample 
information his product, 
problem involves consideration the 
reliability one small sample. An- 
other example similar problem 
follows: technical service man for 
adhesive company wants know 
how can tell, the basis few 
measurements viscosity, cus- 
tomer mixing his glue the proper 
manner. Sufficient data are available 
which provide him with good esti- 
mate the average viscosity the 
glue when well mixed, but 
knows that small samples only provide 
rough estimates the true viscosity. 
each the above examples the use 
statistical methods permits one 
relate the data the small sample 
the measurements large sample 
that the probability difference can 
estimated with accuracy. 


Perhaps more common problem 
concerns discrimination between two 
more sets data, the case 
paper manufacturer who has two ma- 
chines making the same kind paper. 
The question comes up: the quality 
the two sheets the same? First 
all, does the paper from the two ma- 
chines exhibit about the same degree 
variation properties, and so, the 
average strength the same likely 
different for paper from the two 
machines? This type problem has 
unlimited application the hardboard, 
particle-board, and plywood industries 
well situations where may 
wish draw conclusions about the 
difference between two machines, two 
more species compositions, two 
more chemical additives, two shifts 
personnel, the two ends press, etc. 
Problems this type are usually 
handled tests known 
the test, the test, and the 
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variance, depending the circum- 
stances.* 


The Importance Studying Two 
More Factors Once: The re- 
search worker who uses the statistical 
approach soon learns that ineffi- 
cient set about collecting data with 
the idea measuring just one variable 
under two more conditions 
the examples cited above. For the 
same amount effort can introduce 
second variable and get three times 
much information which likely 
much more valuable him. illus- 
trate, student wished make study 
the effect the hook angle band 
saw teeth cutting efficiency. was 
encouraged include the variable 
species along with hook angle. The in- 
troduction the second factor the 
experiment extended its scope but not 
its size. The student discovered that cut- 
ting efficiencies Douglas fir and yel- 
low birch did not respond the same 
way changes hook angle. other 
words, one cannot generalize about hook 
angle without qualifying statement 
regarding species. addition this im- 
portant interaction hook angle and 
species, the general effect hook angle 
and species were evaluated separately. 

rather dangerous draw broad 
inferences from research data which 
have been collected the conventional 
scheme trying hold all variables 
constant except one. Interactions such 
that between hook angle and species are 
usually present any research involv- 
ing 

Often the study two factors 
once not sufficient practical conclu- 
sions are drawn from the data. In- 
deed, the research worker becomes 
increasingly sensitive the fact that one 
cannot validly hold too many variables 
constant, the problem choosing the 
most important variables study looms 
large. Thus the experiment cited the 
student’s attention was called the fact 
that, after moisture content was 
very important factor which might in- 
fluence the optimum hook angle for one 
both the species used. Still another 
variable was introduced into the design 
with very little increase attendant 
effort. This resulted more than twice 
much information than only two 
variables were studied, because the fol- 
lowing effects and interactions were 
studied: hook angle, species, moisture 
content, hook angle and species, hook 
angle and moisture content, species and 
moisture content, hook angle 
cies and moisture content. 

the field plywood gluing 
have learned that many the variables 
simple method for discriminating between 
paired data was presented recently the author: 
Bryant, Ben S., 1953. The Effect Incising 


Bending Strength Crossarms, Jour. 
FPRS, Vol. No. 


formerly held constant strongly influence 
the experimental results. one wishes 
study new resin for adhesive 
compared resin which 
satisfactory, may wish try out the 
new resin (and the old) under condi- 
tions involving two more mixes 
each. Other factors which have been 
shown important must con- 
These include: press time, as- 
sembly time, type stock (e.g. species. 
heart sap, hard-grained 
loose tight peeled, rough 
smooth, and the manner which 
veneer was dried), construction. 
resin solids, spread, and moisture con 
tent. For exploratory work safe assump 
tions can made about some 
factors, but becomes desirable 
learn more about particular glue set 
glue mixes, certain the factors 
must worked into the experimental 
design complete and meaningful in- 
formation obtained. Experiments 
invloving three four these vari- 
ables have been found practically 
workers. Most these experiments fal! 
into category which known stu- 
dents statistics the randomized 
block type experiment analyzed 
the so-called analysis variance tech- 


Information obtained statistical ex- 
perimentation has proved very 
useful sales and service personnel who 
are constantly confronted with the 
prejudices product users which have 
resulted from their biased, uncontrolled 


Using the Statistical Approach 
Refine Experimental Techniques: 
research workers learn adopt the stat- 
istical approach they often discover that 
former testing procedures are not sen- 
sitive the variables under considera- 
tion they had hoped. Results may not 
reproducible. then becomes neces- 
sary track down these sources ex- 
perimental error. Workers the field 
wet-strength resin development were 
able improve greatly their techniques 
for making and testing hand sheets 
the simple expedient adding extra 
variable the experimental design every 
time new experiment was Thus 
while the main purpose experi- 
ment may have been study 
resins three concentrations each, 
factor related technique such posi- 
tion the sheet from which specimens 
were tested, press temperature, the 
ture the conditioning period, the ag: 
the pulp, etc. was introduced into th« 
experiment two more levels. 
experiment provided another step 
creasing the sensitivity subsequent 
search, yet very little more effort 
involved. 
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Using the Statistical Approach 
Develop Suitable Testing Crite- 
rion: new areas research 
sometimes necessary make decisions 
which several possible criteria 
For example, workers concerned 
particle-board process wanted 
which several types ten- 
and shear tests were most suitable 

primary criterion board quality. 

researcher investigating factors 
affect the checking plywood 
faced with the initial problem 
evaluate the degree checking 
some quantitative criterion. each 
ise the problem was solved design- 
simple two-or three-factor experi- 
ment result which differences 
mechanical properties, the degree 
checking, the case might be, ought 
exist. The experiment was then ana- 
lyzed separately for each the several 
criteria. That criterion which proved 
most sensitive the differences 
which were built into the experiment 
was given the greatest consideration 
the criterion adopt for future work. 
Notice that the same time that doubt 
about the feasibility the several crite- 
ria was eliminated the mathematical 
procedure, the exploratory phase the 
research was already under way. Infor- 
mation was obtained each case which 
greatly influenced the design future 
experiments. 


Applying Statistics Problems 
Correlation: sometimes happens 
that two variables, such specific grav- 
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ity and modulus rupture wood 
hardboard, appear closely related. 
may desirable relate these vari- 
ables such way that one can esti- 
mated from the other or, least see 
how closely related they actually are. 
Perhaps third, equally important factor 
such the degree fiber refinement 
not closely controlled was thought. 
Its relationship also can investigated 
along with the ether two. For example, 


check the assumption that percent 
wood failure exterior-test Douglas 
fir plywood chips better index 
long-time delamination 
than shear strength. The three vari- 
ables are percent wood failure, shear 
strength, and percent delamination 
matched specimens subjected cyclic 
exposure. The technique used where 
three variables are involved known 
partial correlation. 


What Gained Using 
Statistical Data? 


The student methods 
soon arrives point where dawns 
him that statistically analyzing 
set experimental results is, after 
all, only applying common sense. 
the time this revelation may won- 
der why bothered through the 
arithmetical manipulation when 
might have come the same common- 
sense conclusions without it. The math- 
ematician Place pointed out that the 
theory probabilities really only 


common sense ‘reduced simple cal- 
culation, The student upon reflection 
realizes that the use statistical methods 
has served temper well rein- 
force his own judgment the rela- 
tive meaningfulness data. 


Equally important, the use statis- 
tical methods every-day work enables 
research personnel plan experimen- 
tation minimize the incorpora- 
tion unintentional bias. Its use en- 
courages them record data certain 
patterns and combinations which makes 
easy discover the real the 
experiment. 


Statistical design and analysis permit 
the worker study the significance 
more variables well important com- 
binations variables which cannot 
studied usual techniques, This added 
information usually gained without 
greatly increasing the size the experi- 
ment and the additional time required 
for its completion never appreciable. 


The most important advantage all, 
perhaps, that the statistical analysis 
experiments involving several factors 
often enables the experimenter dis- 
cover his data valid information 
which would otherwise remain hidden 
from the unaided mind. 


The advantages offered ‘by the stat- 
istical approach the every-day effort 
discovering useful information 
means the scientific method serve 
minimize the high cost this informa- 
tion well increase its useful- 
ness. 
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Canadian Standard Specifications and the 


National Building Code 


WILLIAM THORNBER 


Timber Engineer, British Columbia Lumber Manufacturers Association, Vancouver, British Columbia 


Profiting experience elsewhere, Canada fortunate that 
its present stage growth and industrial development concerted 
effort being undertaken standardize material specifications, 
industrial and construction procedures through one national organi- 
tion. Similarly, the development Building Code, designed for 
national coverage, using standard specifications wherever possible, 
represents determined attempt simplify problem often made 
unduly complex conflicting regional codes, standards and building 


by-laws. 


Introduction 


ALMOST SELF-EVIDENT that any 
the retailing, manufacturing con- 
struction fields will sympathetic 
standardization. More often the indi- 
vidual firm asks how such standardiza- 
tion can accomplished with mini- 
mum cost the individual firm, how 
can enforced and how demand 
for standardized products can en- 
couraged. Largely the basis over- 
all savings with the threat economic 
obsolescence, plus the probability 
standards enforced large 
purchasers, the major Canadian produc- 
ers have subscribed voluntary sys- 
tem self-standardization. Similar rea- 
soning has produced active support 
industry for National 
Building Code. 


Scope 


the purpose this article 
outline briefly the history and present 
organization the Canadian Standards 
Association and the National Building 
Code, the fields they cover, and how 
they operate. particular, the position 
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from the University British Columbia 
and his timber engineering from the 
University Toronto. the author 
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the wood products industries will 
outlined, the limitations stand- 
ards pointed out and the problems 
faced the wood products industries 
brought your attention. 


C.S.A. Organization 


The Canadian Standards Association 
national association technical 
committees with members representing 
producer, consumer, scientific and tech- 
nical societies, inspection interests, edu- 
cational institutions and government 
departments both federal 
cial. 


The C.S.A. was incorporated under 
the Dominion Companies Act, 1919 
under the name the Canadian Engi- 
neering Standards Association non- 
profit, nongovernmental organization 
provide national standardizing 
body for Canada. maintains close 
contact with thirty similar organizations 
the British Commonwealth and 
foreign countries, became the Cana- 
dian Standards Association 1944 
when the scope activities was ex- 
tended unlimited field stand- 
ardization. 

The C.S.A. Board Directors con- 
sists directors elected the 
membership the association and two 
appointed directors; the President 
the National Research Council and the 
Chairman the C.S.A. Technical 
Council. The Board may appoint 
its elected members Executive 
Committee which shall exercise, during 
the time the Board not session, 
such authority delegated it. The 
Board Directors appoints Advi- 
sory Committee individuals, such 
eminent industrialists, conversant with 
and interested the objectives the 
association. 


The Board creates Technical Coun- 
and representing specific groups 
interests. The Technical Council the 
final authority within the 
the approval the technical 
sions completed proposed 
tions prior publication end 
subsequent revisions and 


C.S.A. Sectional Committees 


Sectional Committees are appointe 
the Board Directors for the 
velopment standards. Sectional 
mittees exist the following fields 
standardization: civil engineering, 
chanical work, electrical 
Canadian Electrical Code, railway work. 
ferrous metals, nonferrous metals, tim- 
ber, steel construction, welding and 
miscellaneous. 


Sectional Committees tend 
comprised senior technical 
members the larger producer and 
consumer units nominated industrial 
organizations major scientific, govern- 
mental and educational 
with chairmen specification commit- 
tees officio members. The Sec- 
tional Committee Timber com- 
prised about thirty members, with 
Col. Jenkins, Chief, Forest Prod- 
ucts Laboratories Canada chair- 
man. Meetings are held annually and 
visitors with specific contingent 
interests are 


The function the Sectional Com- 
mittee Timber survey the 
for standardization tim- 
ber products and their uses; neces- 
sary, recommend and define the scope 
new specifications review and 
applicable, recommend letter ballot 
the specifications completed 
specification committees. 

The following specifications 
been completed and approved: (1) 
Structural Timber (second edition), 
(2) Glued Laminated Timber 
struction, (3) Douglas Fir Plywood 
and Western Softwood 
Plywood, (4) 
(5) Western Red Cedar Shingles aid 
Machine Grooved Shakes, (6) 
Timber Piling (under revision), 
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White Cedar Poles (3rd edi- 
tion), (8) Western Red Cedar Poles 
(2nd edition), (9) Wood Cross Arms. 

The following specifications are un- 
der development: (a) Millwork; spe- 
cifically Sash and Frames and Doors, 
Wood Preservation; completed, 
printing, (c) Round Timber 
Piles (revision), (d) Engineered De- 
sign Timber, Wood Cross Arm 
Pins. 

C.S.A. Specifications 


will appreciated that the de- 
for given specification may 
come from either the producer the 
consumer any party. 
specification may either materials 
specification including quality control, 
inspection, testing and application 
engineering specification giving 
basic data, formulas, limitations and 
good practice. Some specifications com- 
bine both functions but this not en- 
couraged. Specifications must cover 
subject, excluding proprietory 
artides and are basically minimum 
specifications designed protect the 
consumer, standardize the product and 
product acceptance all within the prac- 
tical capacity the producer. Although 
not intrinsically legal document they 
can become adoption, they can 
represent minimum safe practise for 
legal purposes and they are used the 
prime reference the proposed Na- 
tional Building Code. Consequently 
fairly rigid format for their writing 

not claimed that C.S.A. Specifi- 
cations are better than other specifica- 
tions, indeed they copy extensively 
from other sources such American 
Wood Preservers Association, Ameri- 
can Society for Testing Materials, 
American Concrete Institute, etc. some 
which are directly referenced our 
building code. However, the setup 
the Canadian Standards Association 
effective means obtaining prac- 
tical working standards suitable all 
parties concerned and the prepara- 
tion which Canadian interests are 
the media formulation such 
standards. voluntary, costs 
money all interested parties and there 
legal commitment unless misrep- 
resentation standard occurs. 
Taken and large run engi- 
neers for the protection the public. 
The C.S.A. has one great advantage— 
instead multiplicity standardiz- 
ing bodies, each perhaps important 

vhich can easily publicized. Some 
the products standardized under 
bought directly the consuming 
the timber industries 
‘cast, producers many products have 
‘ound easier approach building 
nspectors, for example, with C.S.A. 
product than when manufac- 
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tured from other specifications either 
association type, largely because com- 
peting materials come out under iden- 
tical auspices, 


second advantage the associa- 
tion that specifications are designed 
for Canadian conditions, for example, 
climate factors, degree industrial de- 
velopment, use primary products. 
Normally Canada’s imports, notably 
from the United States, exceed her ex- 
ports. Where applicable, the specifica- 
tions countries exporting Canada 
are considered and not with idea 
exclusion technical grounds. 
many instances Canadian standards 
tend parallel American standards 
and accepted Incidentally 
about one hundred American com- 
panies subscribe the Association. 


C.S.A. Specification Committees 


The chairman specification com- 
mittee normally appointed upon the 
recommendation the Sectional Com- 
mittee chairman. good deal 
tude allowed the selection com- 
mittee members providing repre- 
sentative. Normally when any organiza- 
tion requests membership granted. 
fee required for membership 
individual any committee and 
course expenses are paid the 
association. Broad distribution mem- 
essential element Committee 
organization. 


The scope particular specifica- 
tion usually determined advance 
but may expanded curtailed 
circumstances dictate, subject ap- 
proval. Often working committee 
set up: its composition tends toward 
the producers and such scientific 
government personnel have adequate 
time. Canada are fortunate that 
the policy the Forest Products 
Laboratories both supplement and 
take active part Timber Specifica- 
tion Committees and much the pres- 
tige such specifications attributable 
that source. The liaison between the 
Canadian and American Forest Prod- 
ucts Laboratories insures common 
basis for our standards although they 
differ detail. 


The consumer adequately repre- 
sented both active criticism and 
vote. This fact illustrated the pro- 
posed organization the new C.S.A. 
Specification for Design 
Timber” which gives idea the 
typical composition committee and 
its division work: 


Chairman—sales engineer, timber pro- 
ducing association. 


Secretary—engineer, Forest Products 
Laboratory. 


Sub committee—chairmen 


General engineer, tim- 
ber producing association. 

Sawn timber design—engineer, For- 
est Products Laboratory. 

Glued-laminated timber design— 
sales engineer, laminating com- 
pany. 

Plywood engineer, ply- 
wood manufacturers’ association. 

Piles and pile structures—sales engi- 
neer, creosoting company. 


Including the above personnel, 
breakdown the committee member- 
ship approximately follows: Rep- 
resentatives producers, representa- 
tives consumers, government 
agency representatives, forest prod- 
ucts engineers, university professors, 
professional group representatives, 

With few exceptions, such people 
are professional engineers—the ones 
representing government tend favor 
the consumer’s point view. The 
criterion these committees that 
they work satisfactorily. 

Each subcommittee will work out 
draft within its terms reference. Any 
draft, usually the work one two 
individuals, must satisfy not only the 
particular subcommittee but the com- 
mittee whole, from both the engi- 
and legal aspects and 
usually the second third draft which 
proves 

necessary enter these C.S.A. 
committees with the belief that speci- 
fication for national coverage either 
essential desirable and prepared 
make compromises that end. Occa- 
sionally existing standards common 
practice interfere with engineering com- 
promises and other solutions must 
sought. Following are two examples: 

Under the terms the C.S.A. Speci- 
fication Structural Timber all grad- 
ing for structural timber, and all 
other engineering data applicable 
commercial species cut throughout Can- 
ada. Unfortunately, the 
tice for sizing lumber differs con- 
siderably between East and West, the 
eastern sizes being slightly larger. There- 
fore, disregarding the probable long 
term trend toward Western sizes (which 
are the same American practice) 
was decided that table both nomi- 
nal sizes would included the speci- 
fication but change would made 
allowable knot sizes, etc. However 
the larger areas, Moments Inertia and 
would apply the eastern sizing, 
mathematically derived. 

the second case, the 
Specification Glued Laminated Tim- 
ber Construction was being prepared, 
was found that the usual C.S.A. struc- 
tural grades for joist and plank were 

not suitable for laminate stock and only 
the special classification for 
members” applied. the former, knot 
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sizes and placement are largely deter- 
mining and the latter, knot sizes and 
frequency. Further, stress grade ex- 
isted for 1-inch material. 

was decided set separate 
grades for 1-inch and 2-inch laminate 
stock apply all species, based 
the classification. The 
practical basis for this decision that, 
Canada, unlikely yet that many 
mills will ordinarily cut stock for lami- 
nating purposes and that either buyer’s 
specificatiton will develop that lami- 
nators will themselves regrade ordinary 
stock. remains seen how this 
specification will work out, proves 
impractical will amended re- 
written necessary. Meanwhile the 
public adequately protected. 


C.S.A. Subsidiary Divisions 


The Canadian Standards Association 
includes two special departments: 


Approvals Division labo- 
ratory for the testing and approval 
electrical and oil-burning equip- 
ment the interests safety 
use, which may enlarged the 
future for testing other equip- 
ment. 

The Canadian Welding Bureau 
for testing and qualifying weld- 
ing supervisors and or- 
ganizations the interest safe 
welding practice. Both subsidiaries 
operate the basis C.S.A. pub- 


C.S.A. Permanent Staff 


There is, course, permanent staff 
for the Canadian Standards Association 
loacted Ottawa. Their duties include 
general administration, editing, arrang- 
ing for publication and distribution 
standards, etc. The Canadian Standards 
Association publishes quarterly bulle- 
tin giving synopsis meetings held, 
committees appointed, additions mem- 
bership and itemizes specification stand- 
ards either proposed completed. 
annual list current 
tions published. The C.S.A. subsidi- 
ary divisions are autonomous or- 
ganization and financing and operate 
through administrative boards reporting 
the C.S.A. Board Directors. 


C.S.A. Trade Marks 


Provision made authorize use 
registered Marks producers 
manufacturing compliance with 
published standards quality 
and performance. The C.S.A. controls 
the use its Marks and may invoke 
legal remedies and defend legal actions 
the event unproper unauthor- 
ized use such Marks. 

This means publicizing products 
complying with C.S.A. standards 
good continuous advertising which 
tends self-expanding. 
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Distribution C.S.A. Specifications 


The C.S.A. maintains stock 
standards published Standardizing 
bodies British Commonwealth and 
thirty other nations. These may pur- 
chased through the association. Conse- 
quently, there constant demand for 
C.S.A. and other specifications all 
kinds subjects and wide coverage 
obtained quite casually. 
many products carry C.S.A. Mark and 
this leads further inquiries. Com- 
panies and associations adhering these 
specifications purchase them 
quantities substantial discount for 
wide spread distribution interested 
persons. Finally, their inclusion the 
National Building Code, prime ref- 
erence source will greatly increase their 
effective range. 


National Building Code 


Perhaps there better way out- 
line this subject than quote exten- 
sively from the introductory publication 
(August 1951) the Associate Com- 
mittee the National Building Code, 
National Research Council Canada. 

“This brief statement some 
the questions which must consid- 
ered when arranging material build- 
ing codes and the decisions which 
the Associate Committee has taken 
improve upon the arrangement followed 
the 1941 edition the National 
Building Code Canada. 

“The complex character building 
codes has long been apparent. about 
the turn the century, the codes then 
being used gradually ceased loose 
collections isolated statements 
safety buildings, and began take 
the form well recognized today. 
codes developed this way, the ac- 
celerated pace which new regulations 
were added necessitated the broad group- 
ing similar requirements. This was 
found essential any degree 
efficiency administration was 
maintained. From the great variety 
groupings which then appeared, two 
main types evolved. combination 
these two groupings forms the frame- 
work the majority building codes 
use today. 

“These two systems are classed gen- 
erally under the headings Subject and 


Occupancy. Occupancy groupings have 
been developed largely municipal 
building officials since their admin- 
istration building regulations they 
have had think terms specific 
structures. Subject groupings, 
other hand, are primarily the product 
scientific and research groups who 
have been able view building 
lations terms specific building prob- 
lems which naturally group 
around subjects rather than relation 
particular types buildings. 
rally, there are many building 
which represent compromise 
the two main types groupings, 
cluding many features both. 

currently use have not, far, 
ceeded eliminating all difficulties 
administration. Careful study 
cated that most these difficulties 
ment the material which the 
contain. Problems 
code, and even lack uniformity 
tween different codes, will found 
stem from this root cause. 


undertaken for the 
Committee within the Division 
ing Research the National 
Council and extending for more than 
year, have pointed the way 
and unique system arrangement. 
appears logical and should 
prove flexible and simple use. 
The Committee have decided 
low the work revising the Na- 
tional Code. its use this way proves 
constitute important contribution 
towards the development greater uni- 
throughout Canada. 

might supposed that the 
elty the new arrangement stems from 
entirely new set principles. This, 
however, not the case, The idea 
grouping regulations has been recog- 
nized from early date. Attention has 
rather been concentrated upon the cor- 
rect method applying this principle; 
this application alone that any 
novelty lies. 

rangement building codes the 
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SUBJECTS IN DETAN. THE INITIAL 
BREAKDOWN OF “USE” HAS BEEN 


association regulation with the 
obiect which being controlled. Some 
apply generally while 
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others are restricted particular parts 
should therefore always come first, de- 
provisions being grouped appro- 
under them. Understanding 
proper use codes, detailed clauses be- 
always read association with the 
general requirements. 


For grouping fully effective, 
equally essential that association 
based the causes the 
various hazards which the building 
may subjected rather than upon their 
For example, live loads and 
snow loads are usually grouped together 
even though live loads are due occu- 
pancy and snow loads are the result 
the two causes being quite 

the basic function build- 
ing codes must recognized their 
arrangement effective. Essentially, 
building codes are regulations designed 
ensure the safety the public (in 
relation buildings) with reference 
public health, fire prevention, and struc- 
tural sufficiency. These three determi- 
nants should implicit all relevant 
parts code; they will not, there- 
fore, appear separate sections 
code which can considered without 
reference the rest the document. 

“If the guides logical arrangement 
herein suggested are followed, should 
possible eliminate almost all 
the duplications which interfere with 
the use many existing codes. Corre- 
spondingly, should possible re- 
duce the length code while improv- 
ing its clarity. Most important all 
the possibility, presented such 
logical arrangement, having code 
any part which can amended 
without disturbing the remainder the 
document, requiring any change 
the overall system indexing and num- 
bering. 

“These are the objectives which the 
Committee has had view and which 
believed are attained, consid- 
erable degree, the arrangement shown 
the chart follow. 

“It will seen that each chapter, 
except the first, deals with some tech- 
nical aspect the safety building. 
All are subservient overall general 
defining the purpose the 
The preparation each the 
new sections will the responsibility 
special Technical Committee. 

first chapter Administration 
include all necessary legal 
aspects building regulations. will 
deal with such matters 
fees, and penalties. will 
these are matters which may 
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be, and usually are, subject local 
variation. this section, therefore, will 
included all references other 
regulations which may related 
minimum building standards, such 
zoning 
requirements. 


“Inclusion Climate separate 
section the Code represents, 
believed, another unique feature. 
the Code truly national, then 
must take account the varia- 
tions climate across the Dominion. 
This will entail the study im- 
mense volume climatic data but the 
results this will probably depict- 
able simple outline maps, dividing 
Canada into climatic zones with refer- 
ence such technical matters loads 
for heating design, wind loads and 
snow loads. Simple index references 
these zones can then made other 
parts the Code. These references 
will not affected if, the future, 
found necessary change the 
boundaries any the zones. 


“The concept separate main 
section the National Building Code 
Use (or Function) buildings 
some ways the most interesting in- 
novation. large number the fea- 
tures building design which have 
regulated are determined the use 
which the building put 
rather than the material which 
masonry, concrete, steel. Required 
exits, minimum room sizes, stairway 
dimensions—these and 
features are independent material 
but wholly dependent the function 
which the building serve. Corre- 
spondingly, many the loads which 
the building has sustain are also 
determined the use made 
it, selection suitable structural 
material withstand these loads being 
subsequent part building design. 
(Amongst the loads most clearly re- 
lated use are the internal fire loads 
which the various component parts 
structure must resist). the grouping 
all these functional requirements 
into one section, already apparent 
that great convenience will achieved. 

“The Materials section will present 
listing all common building mate- 
rials, with reference appropriate 
standard specifications where they exist, 
and with detailed specifications cases 
where standards are not Reg- 
ulations regarding the storage and han- 
dling all materials will also appear 
this section. 

“Design the section requiring least 
attention ‘in this note since the 
most similar all sections the con- 
tents conventional building codes. 
Given the loads (in Use and Climate), 
and particulars the materials selected 
resist them, the necessary limiting 


structural design will herein defined, 
naturally with special reference the 
main type structure-of wood, ma- 
sonry, reinforced concrete and steel. 

buildings are equipped 
with many Services which, while not 
integral part the structure, con- 
stitute such vital components that their 
regulation must included any 
comprehensive building code. These 
parts the revised National Code will 
therefore include revised version 
the Standard Plumbing By-law, and 
suitable references such documents 
the Canadian Electrical Code and 
the C.S.A. Safety Code for Passenger 
and Freight 

“The first eight sections the new 
arrangement deal with the standards 
required building throughout its 
life, from its conception the 
minds its owner and designer and 
throughout its period useful service. 
The last and ninth section will contain 
provisions temporary nature only; 
some ways it, too, represents in- 
novation. During the construction 
building there are number neces- 
sary precautions which must taken 
for the safety those working the 
structure and near it, and for the 
protection adjacent property. Simi- 
larly, when the time comes for build- 
ing demolished, specific safety 
are necessary. Regulations 
dealing with these temporary require- 
ments will grouped into this last 
section, Construction Safety Measures, 
especially for the convenience con- 
tractors who will particular con- 
cerned with these provisions, 

“Although aimed have each 
section the revised Code complete 
unit itself, there must naturally 
the closest possible correlation all 
the chapters, one with another. Through 
frequent consultation with the Chair- 
man the respective Technical Com- 
mittees, the Associate Committee itself 
will guide this co-operative effort and 
will deal with the many general ques- 
tions related more than one the 
sections which the work revision 
undoubtedly will reveal. 

“The National Building Code 
document which national scope 
and purpose. desired that main- 
tain its independent and national 
acter, Accordingly, the task prepar- 
ing this first revised edition will 
carried out voluntary committees 
experts— Technical 
senting all parts the building indus- 
try and many possible those 
concerned with the use building 
codes Canada. 

drafts all revised sections should 
circulated, before final approval, all 
interested parties throughout the coun- 
try. Correspondingly desirable that 
good publicity should obtained for 
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the work revision that all con- 
cerned may know that the work 
proceeding and that their comments 
will welcome. The mechanics 
whereby this broad coverage drafts 
obtained will worked out 
mutual discussion, but intended 
that each provincial government and 
each municipal office shall 
ceive copy all drafts least 
advice that such drafts are available for 
study. 

“In order that the Technical Com- 
mittees shall work effectively and 
quickly, desirable that they kept 
small possible, consistent with the 
work view. The the 
members these committees will 
the responsibility the chairman, sub- 
ject approval the Associate Com- 
mittee. far possible, members 
will drawn from all parts Canada. 

will necessary, the case 
some the Technical Committces, 
assign small panels deal with par- 
ticular parts the main subject which 
the responsibility each committee. 
These panels will nominated the 
Technical Committees and should assist 
with much the detailed work. 

“Although representatives any 
organization are appointed such 
the Associated Committees the 
Council, will not only possible 
but also desirable that representatives 
some organizations should ap- 
pointed the Technical Committees. 
Particularly this true the various 
trade associations concerned with any 
part the content the Code. 
hoped that all such bodies may ade- 
quately represented all appropriate 
committees. 

“In addition such interested par- 
ties, all Technical Committees and 
panels must have corresponding mem- 
bership from what may called ‘con- 
sumer interests’, architects, engi- 
neers, contractors and building officials 
who have direct interest the par- 
ticular subject matter but who are con- 
cerned with its use building. 

“The National Building Code 
present both specification and 
performance code. Its 
clauses have led the criticism that 
unduly restrictive. Careful study has 
shown that incorrect wording and ar- 
rangement, leading application 
beyond that intended, are usually re- 
sponsible for this condition. Detailed 
well general regulations are nec- 
essary for adequate protection. The in- 
tended scope coverage each reg- 
ulation should act guide avoid- 
ing excessive restriction. 

“Whenever possible, existing stand- 
ard specifications are referred 
and included part the revised 
code. These should considered 
the following basis priority. Stand- 
ard specifications the Canadian 
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Standards Association shall used 
whenever available. When C.S.A. 
specifications are available, those issued 
the following bodies shall con- 
sidered turn—Canadian Government 
Specifications Board; American Society 
for Testing Materials and/or American 
Standards Association; 
the various specialized societies such 
the American Concrete 
using specifications prepared spe- 
cialized societies and all industrial 
groups, preference will always given 
those documents the preparation 
which the consumer public in- 
terest has been represented all the 
appropriate 

will noticed that there con- 
siderable difference presentation 
from more conventional codes. The 
inter-relation various sections 
illustrated Chart 


Four portions the design section 
are interest the forest products 
industries—(1) general design, parti- 
cularly far the fire resistances 
structural elements are concerned. 
(2) Timber Engineering, which 
concerned with structurally graded tim- 
ber and wood governed 
C.S.A. specifications, together with 
fastenings. (3) Frame Construction 
which deals with the structural strength 
good buildings not covered above 
and (4) Cladding which deals with 
the surfacing structures. 


Problems the Timber Industries 


Over the past several years work 
the National Building Code and Cana- 
dian Standard Specifications caused 
Canadian timber interests review 
their position and focus their attention 
outstanding problems, some 
which require further research. Very 
briefly, some these problems will 
discussed. 


Yard Lumber 


Canada, see little chance 
assigning stress values lower grades 
national scale. deed, this 
date has not been found possible 
set national grading standards for 
many species, although has’ been 
done for structural grades. However, 
possible relate the various species 
and grades common end uses, 
study under way determine 


uniform grades for each species 
developed. 


Specification Design 


Specification design mandatory 
lent example. This industry lar, 
concerned with houses, few 
whether not this desirable. There 
are several reasons for this 


(1) some cases, performance in- 
structions are either 

(2) Often, minimum require- 
ments are not known. 

(3) many instances performance 
data difficult get impos- 
sible apply practically 
resents too great departure 
from accepted practice. 

(4) The fastenings applications 
many materials are intrinsi- 
cally mandatory and some in- 
stances more important than the 
performance the materials 


The problems frame constructions 
have received great deal attention. 
some instances, the housing field 
and many commercial buildings 
some method dealing with design 
variables required. slight change 
the usual joist and rafter tables can 
produce new and simple tab!e which 
useful over considerable range 
loading values. Essentially, way 
tion joist and rafter spacing. 


structural elements which consist 
multiple supporting units and 
which load sharing may 
the permissible stresses 
allowed for the species, provid- 
ing the grade the supporting 
stipulated. This device would 
built-up beams, decking, and 
effect allow performance design 
yard lumber for such systems. 
most lumber used this 
seems rewarding method 
engineering values without 
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Sheet Materials 


Sheet materials, plywoods particu- 
lar. are increasingly being used engi- 
designs. than with 
timbers the method fastening 
‘he determining factor their actual 
str ngth and use. govern the method 
attachment, nail spacing for exam- 
the manufacturer stipulates mini- 
mum requirements, These are manda- 
tory based experience, but they 
give basic engineering values. 
There remains the solution perform- 
ance tests structural elements and 
its corollary, the standards per- 
formance which are essential. The 
such tests can extended 
from structural safety acoustics, fire 
resistance and heat loss. Since other 
industries have equal interests, this 
would appear developing field 
and one which this industry should 
pay attention. is, any can 
tig test prove some quality 
product the competition 
and therefore recognized standards are 
going 


Ratings 


The complex problems associated 
with fire and fire ratings seem 
permanently with this industry. Many 
the Canadian wood 
lieve these problems require specialist, 
expert fire and fire prevention and 
are presently looking for such man. 
the near future, appears likely that 
extensive tests are going devised 
measure fire resistance, flame spread 
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and other measurable quantities. C.S.A. 
Committee has been set concerning 
Fire Tests Building Coonstruction 
and Materials. The nature these 
tests important this industry and 
the use made the tests data. 
seems essential that some correlation 
between this data and the performance 
identical structures and materials 
actual fires established. 


Summary 


Probably the outstanding feature 
the Canadian codes and 
specifications the producer-technician- 
consumer team for each special subject. 
successful way achieve the expressed 
namely, protect the public from sub- 
standard work. the same time, these 
codes and specifications project the 
legitimate business interests 
standard competition. 


Discussion 


Forest What features the 
building code for laminating members 
are unpopular with the industry 
Canada? 

Mr. Thornber: set tension 
tion determined the strength the 
whole piece. This has proven unpopular 
with laminators used stresses based 
knot frequency studies. 

Mr. Marshall: Whay types glues 
are recommended for laminated mem- 
bers 


Mr. Thornber: Glues are 
gories for exposure conditions. 


John Reno (Pacific Lumber Co.): 
Your method grading laminated 
timbers sounds very expensive. Would 
your reason that such timbers are 
intended for stock? 

Mr. Thornber: misled you 
that. are dealing with many 
grades severai associations. en- 
tirely new approach seemed reasonable 
with laminators regrading. 

Ben Bryant (U. Washington) 
considering this load sharing, you 
end with higher working stresses? 

Mr. Thornber: tendency 
that way. figure that for 
ticular end use, advantage can taken 
the capacity members share 
loads average frame constructions. 
least three supporting members 
beam, rafters, studs, etc. The average 
piece for the grade statistical 
frequency put work. 

Dierks (Dierks Lumber and 
Coal Co.): What happens where build- 
ing codes are already established? 

Mr. Thornber: During since 
World War there have been vital 
changes building materials and tech- 
niques that many local building 
codes are out date and admittedly 
need revision most municipalities 
will adopt reasonable national code, 
adapted necessary. feel the 
long run this will handle presently (ad- 
verse?) codes and by-laws. cannot 
police the industry but encourage inde- 
pendent inspection. 
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BAECHLER 


Forest Products Forest Service, Department Agriculture 


The important role wood chemical engineering construction 
and the need for further research aimed toward its most effective use 
are discussed. Data are given showing the loss bending strength 
thin cross sections species exposed acids and alkalies. 
Data are also given redwood cross sections exposed dilute 
solutions chemicals that are commonly present water passed 


over cooling towers. 


Introduction 


OOD EXTENSIVELY USED for 
construction the chemical in- 
dustry and industries that are not 
commonly classified chemical, but 
which use chemicals their operations 
11, 12, 17, 20, 22, 
these industries wood equipment 
wood structural material may exposed 
constantly intermittently vari- 
ety chemicals that show wide differ- 
ences their tendency attack wood. 
The resistance wood chemicals is, 
therefore, considerable interest the 
lumber industry and also large num- 
ber industries faced with the prob- 
lem deterioration chemical attack. 
Wood offers several advantages 
chemical engineering construction; 
may selected preference some 
other material because any one 
combination these advantages. 
Because wood generally costs less than 
competing materials, often used for 
processes for which seems ill adapted. 
For example, wood tanks may used 
under rather severe conditions during 
the early stages process when the 
marketability product being ex- 
plored. New industries are traditionally 
large users wood equipment; in- 
dustries mature, wood may replaced 
other material for some uses, but not 
for others, 
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Another inherent advantage wood 
lies the relative ease with which 
can fabricated. This especially im- 
portant places where ready-made 
equipment cannot moved readily. For 
this reason wood sometimes used 
contact with corrosive chemicals less 
accessible parts factories. 


Wood selected for some uses be- 
cause its thermal insulating proper- 
ties. For example, reducing heat 
losses, wood tanks make easier 
maintain uniform temperatures mate- 
rials being processed. They also help 
keep work rooms from becoming un- 
comfortably hot. 

Because its electrical insulating 
properties, wood used for separators 
and electrode supports the electro- 
lytic deposition metals. 

The tendency wood swell 
advantage jordan fillers; they are in- 
variably made wood despite the fact 
that they are contact with pulp that 
contains chemicals corrosive 

Because wood more readily avail- 
able than some other materials, 
widely used chemical engineering 
construction during normal times; dur- 
ing periods shortages strategic 
materials sometimes the only mate- 
rial available. 

The advantages wood that have 
been mentioned are well known; they 
are not specific uses where exposure 
chemicals involved. highly im- 
portant advantage wood that less 
commonly appreciated its resistance 
mild acids. this property far 
superior common steel. While 
not equal certain acid-resistant alloys, 
the high initial cost these alloys 
many cases results high annual 
cost. 

For the construction 
equipment, such tanks filter 
presses, the resistance wood acids 
not only increases the service life the 
equipment, but also avoids objectionable 
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tanks are still widely used the 
facture dyestuffs, one reason 
that traces iron reduce the 
many dyes. Traces iron also 
part metallic taste foods; that 
why wood tanks are used for 
sing sour foodstuffs, such 
pickles, and salad dressings. 

Experience has shown that ta: 
used store cold, dilute acids may 
long time. the concentration 
the acid increased and, more 
cially, the temperature raised, 
wood deteriorates more rapidly. 
tank cars are used successfully for 
ping cold concentrated hydrochloric 
but the life wood equipment 
posed hot concentrated hydrochloric 
acid would very short. 

Wood tanks used pickling 
are subjected unfavorable conditions, 
yet wood continues used for this 
purpose. the pickling steel, the 
products are immersed acid solutions 
remove oxides from the surface 
fore they are protective coating, 
such zinc enamel. reduce the 
time the bath and thus increase out- 
put, acid concentrations 
tures are kept ranges that are known 
solution sulfuric acid, tempera- 
ture 150° above, commonly 
used. The thick timbers needed for 
strength large tanks also reduce the 
deteriorating effect wood. These tim- 
bers are selected quality from 
heartwood species that resist 
tion liquids; this tends 
the acid concentration and temperature 
within the wood. 

The life tank used pickling 
including the workmanship 
builder, the care exercised the 
formly tight, and the amount 
chanical wear accompanying the 
The service life therefore 
steel tanks have replaced wood 
many plants, especially where 
pieces steel can held bask 
avoid mechanical injury the 
ber. The wood tank appears have 
little ground batch 
volving miscellaneous shapes and 
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might expected, replacement cost 
tanks important item the 
overall cost these operations. 

Wood tanks lined with acid-resistant 
such lead, have been used 
successfully for many years. For some 
such tanks have 
the unlined wood tank. lower 
wood may used for this 
The wood supplies strength 
thermal insulation while the lining 
serves retain the liquid. This 
the efficient use wood 
conjunction with other materials. 


Alkaline solutions attack wood more 
rapidly than acidic solutions 
equivalent strength. Since unalloyed iron 
shows high resistance alkalies, wood 
seldom used contact with solutions 
that are more mildly alkaline. 


Oxidizing chemicals are, course, 
harmful wood. Except very dilute 
solutions, nitric acid much more in- 
jurious than sulfuric acid. The action 
chlorine and hypochlorite solutions 
drastic that wood seldom used 
where resistance these chemicals 
required. the other hand, wood 
tanks are fairly satisfactory for holding 
peroxide hydrogen solutions. 


Wood shows excellent resistance 
most organic acids, notably acetic. Here 
enjoys distinct advantage over steel, 
concrete, rubber, and some plastics. 


Wood tanks have been used for ages 
hold brine solutions. While not all 
species are equally suitable, 
constructed wood tank leaves little 
desired for this purpose. 

Solutions iron salts attack wood. 
The deterioration wood contact 
with iron (3, 19, 24) may quite 
under damp conditions, especially 
the wood contains -acidic extractive 
materials, 

While tanks furnish striking exam- 
ples the deterioration wood 
chemicals, the problem goes much fur- 
ther. Structural members, floors, stair- 
ways, and duck walks are frequently 


exposed splashing spillage. Roof 


timbers, ventilating ducts, 
may subjected the action 
volatile 

The deterioration wood cooling 
towers has received 
during the past few years (3, 
10, 13, 26). Two factors have been 
namely, decay caused 
living fungi that utilize wood food, 
and true chemical attack caused sub- 
stances the water passed over the 
towers. Alkaline salts, especially sodium 
carbonate, and, some cases, chlorine 
alvaecide, are likely sources chemical 

The possibility protecting the 
wood from chemicals 
brushed sprayed the surface, 
some material injected into the wood 
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under pressure, has been recognized for 
long time and many materials have 
been tried (6, 21, 23, 27, 29). Some 
have been found effective and 
are use today. 


Wherever use conditions involve 
either mechanical abrasion, changes 
temperature, changes moisture 
content the wood, impregnation 
the wood with protective material 
might appear essential. many 
cases, however, resistant coatings pro- 
vide good protection. coating gen- 
erally costs less applied 
the equipment after fabrication. 
fair amount effort has been devoted 
the development such coatings, 
not only inventors but also pro- 
ducers wood tanks and chemical 
companies. The chemical companies 
were seeking either reduce mainte- 
nance costs their own equipment 
develop market for their products. 
Asphaltic and bituminous coatings have 
long been used and are still favored 
for some situations. variety coat- 
ings, such modified rubber-base and 
synthetic resin types, have been tested 
and some have given good results for 
specific uses. 
paints have been used the dyeing 
industry although their function seems 
make the tanks easier clean 
rather than protect the wood. 

The difficulties finding effec- 
tive coating increase with the activity 
the chemical against which protec- 
tion desired. pin holes are left 
the coating checks develop with 
use, the underlying wood quickly 
attacked and the adhesion between 
the wood and the protective 
impaired. 

Despite the complexity the prob- 
lem, the difficulties are 
mountable and research along this line 
should continued. The rapid prog- 
ress being made the development 
polymerized materials should fol- 
lowed for its possible impact this 
problem. Cooperation between fabrica- 
tors and users wood equipment 
should prove fruitful. 

The relative value species for 
specific use not subject accurate 
measurement laboratory methods. 
Nor are the results practical experi- 
ence completely reliable, because con- 
flicting evidence frequently found 
service records. Large chemical com- 
panies would hardly depend upon snap 
judgment question involving 
considerable capital investment; never- 
theless two companies sometimes arrive 
contradictory opinions regarding the 
relative merits two species for 
given purpose. 

The heartwood red (tidewater) 
cypress was for many years the pre- 
dominant wood for the construction 
chemical tanks. Dense southern pine 
heartwood also was used 


amounts. the annual production 
tank-grade material from these species 
declined, Douglas-fir heartwood came 
into increasing use. Redwood tanks 
have long been used store chemical 
solutions. Spruce and white pine have 
also been used considerable amounts, 
while still other species have found 
occasional use. 


generally agreed that hardwoods 
are less satisfactory than conifers where 
resistance acids required. Oak 
tanks have been widely used for hold- 
ing strong solutions common salt 
(brine) and other chemicals that have 
deteriorating effect unrelated acid- 
ity alkalinity. 

salient feature the modern in- 
dustrial age the supplanting trial 
and error systematic research, How- 
ever, not all problems are equally sus- 
ceptible modern methods study. 
the case protective treatments, 
questions involving the relative merits 
different species for chemical equip- 
ment are frequently complex that 
not feasible reproduce the lab- 
oratory the combination factors pre- 
vailing the plant. This does not 
mean that laboratory studies are useless. 
the contrary, laboratory tests can 
helpful selecting species for equip- 
ment used new process. Even 
though laboratory tests not give the 
final answer, fundamental laboratory 
studies are most likely bring sub- 
stantial progress the efficient use 
wood contact with chemicals and 
the development protective treat- 
ments. 

number laboratory tests the 
effect various cherhicals the physi- 
properties various species 
wood have been reported the litera- 
ture (1, 14, 15, 16, 18, 25, 28). 
Undoubtedly many 
have also been made. attempt will 
made review these studies. The 
results have varied due largely dif- 
ferences details test methods. 
all cases the investigators were aware 
the limited applicability 
findings. 

The resistance wood chemical 
attack depends upon the inherent re- 
sistance the cell wall given 
chemical and the anatomical structure 
the wood. 

The anatomical structure governs the 
rate ingress the solution into the 
wood. The wood-preserving industry 
has found that different species show 
extremely large differences their 
resistance impregnation liquids. 
nearly all species the sapwood 
more pervious than the heartwood. 
This goes far explain 
wood superior sapwood the 
same species resistance chemical 

The experiments reported the fol- 
lowing section this paper were set 
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out tests thin cross 
sections could used study the 
inherent resistance the cell wall 
species given chemical. This re- 
sistance undoubtedly based largely 
chemical composition. Although differ- 
ences the chemical composition 
species are small they are unques- 
tionable importance. For example, cer- 
tain generalizations can made 
broad comparison hardwoods and 
softwoods. 


The alpha cellulose, which the 
stable portion the carbohydrate frac- 
tion, generally comprises the neigh- 
borhood percent the total ex- 
tractive-free wood. Hardwoods 
rule contain larger amounts hemicel- 
lulose, which much more susceptible 
attack acids and alkalies than 
alpha cellulose. The hemicellulose 
hardwoods, which consists largely 
pentosans, more readily attacked than 
the hemicellulose softwoods, more 
than half which consists hexosans. 


Softwoods contain somewhat higher 
percentages lignin than 
woods. Lignin fairly resistant 
acids, especially cold dilute acids, 
more readily attacked dilute 
alkalies, although not readily 
hemicellulose. quite susceptible 
attack oxidizing agents. 

The extractives different species 
vary greatly nature and amount. De- 
pending upon their chemical reactivity 
and the manner which they are dis- 
tributed, they may contribute materially 
resistance chemicals. The con- 
tamination tank contents extrac- 
tives objectionable for some uses 
and not for others. 

isolate the factor 
chemical resistance from the factor 
anatomical structure, tests were made 
cross sections because they could 
readily impregnated. this way the 
solution would promptly fill the gross 
cavities that the internal structure 
the wood would subject at- 
tack throughout practically the entire 
exposure period. 

preliminary series bending 
strength tests were made cross sec- 
tions important species exposed 
solutions commonly used chemi- 
cals. The method was then used 
measure the reduction the bending 
strength redwood cross sections ex- 
posed water containing low concen- 
trations chemicals that may pres- 
ent water passed over cooling towers. 
This second tests are discussed 
the second part the following 
section. 


Exploratory Tests Different 
Species: Cross sections were cut from 
the ends clear, seasoned, nominal 
4-inch boards. They were ap- 
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proximately 7/8 inch wide 3-7/8 
inches long 3/16 inch thick. The 
maximum variation the thickness 
pieces selected random was 
0.003 inch. 

Four softwoods—cypress, Douglas- 
fir, redwood, and southern pine—and 
two hardwoods—white oak and maple 
—were used these tests. 

effort was made select all- 
heart boards that were flat-grained 
possible with the annual rings show- 
ing low curvature. this way the 
angle between the annual rings and 
the line cleavage would con- 
sistent possible. southern pine 
board and white oak board answer- 
ing this description the desired de- 
gree were not available. The oak board 
selected was nearly all sapwood. The 
pine was all heartwood but the curva- 
ture the annual rings was greater 
than desired. 

The chemicals used were sodium hy- 
droxide, sodium carbonate, sulfuric 
acid, nitric acid, and acetic acid. Two 
concentrations, percent and percent, 
and two temperatures, 28° and 
50° C., were used for each chemical. 
Several periods exposure were used. 

The cross sections were arranged 
sets five. start test, set 
cross sections was placed suction 
flask, weighted down with short pieces 


glass rod, and covered with the 
proper solution. Vacuum 
nately applied and released until the 
cross sections were waterlogged. 
they were transferred pint jar that 
was then filled with fresh chemical 
solution. Control pieces each species 
were treated similarly with distilled 
water. 

Some jars were placed oven 
with the temperature controlled 
50° Other jars were placed 
shelf room which the tempera- 
ture was about 28° 

After the required period 
sure, the pieces were removed 
their surfaces rinsed free the chemi- 
cal solution. They were then tested 
tester. The results 
inch-pounds were compared with 
results obtained specimens exposed 
distilled water. 

preliminary series, the 
were allowed dry before testing. 
Because checking, the results were 

erratic. Wet specimens gave more 
sistent results, all data this 
port are based wet specimens. 

One specimen each set five 
was allowed dry and was observed 
for shrinkage and warping. The other 
four were broken and the data aver- 
aged. few exceptions were made 


Table 1.—STRENGTH CROSS SECTIONS EXPOSED CHEMICAL SOLUTIONS 
EXPRESSED PERCENTAGE CROSS SECTIONS EXPOSED WATER 


CYPRESS 

2 percent solutions, 1 week at 50° C.__..-.------ 85.7 111.0 106.0 41.8 84.9 
percent solutions, weeks 50° 78.8 97.3 105.4 35.1 
2 percent solutions, 5 weeks at 50° C..____--_--- 60.6 88.5 81.8 29.4 68.8 
6 percent solutions, 1 week at 50° C._.._-_.----- 59.8 101.2 100.0 aad 78.2 
6 percent solutions, 1 week at 28° 34.5 

6 percent solutions, 5 weeks at 28° C.____.------ 74.6 92.6 98.8 33.4 74.5 
6 percent solutions, 10 weeks at 28° C.__-.-_---. eae 95.6 94.2 sai 78.4 

2 percent solutions, 2 weeks at 50° C..____.----- 65.2 97.7 98.5 21.8 69.2 
2 percent solutions, 5 weeks at 50° C._____------ 68.0 80.8 90.5 18.5 12.5 
6 percent solutions, 1 week at 50° C.___.-------- 36.2 88.6 87.6 ere 67.6 
6 percent solutions, 1 week at 28° 20.2 
6 percent solutions, 5 weeks at 28° C.____._.---- 52.0 84.9 86.2 24.0 68.5 
6 percent solutions, 10 weeks at 28° 101.5 105.0 80.5 
SOUTHERN PINE 
2 percent solutions, 1 week at 50° C.__.._.------ 80.9 95.9 106.0 29.1 70.3 
percent solutions, weeks 50° 70.2 91.5 26.4 
percent solutions, weeks 50° 49.1 72.2 93.5 25.0 73.3 
6 percent solutions, 1 week at 50° C.__..._...--. 35.8 82.0 82.2 ere 68.8 
6 percent solutions, 1 week at 28° 23.5 
percent solutions, weeks 28° 85.1 96.7 28.1 
6 percent solutions, 10 weeks at 28° 102.0 106.0 89.% 
REDWOOD 

percent solutions, week 50° 105.9 92.3 19.9 52.8 
percent solutions, weeks 50° 50.3 87.2 102.2 19.0 
percent solutions, weeks 91.6 95.0 16.2 54. 
6 percent solutions, 1 week at 50° 37.1 92.3 92.7 
6 percent solutions, 1 week at 28° | 17.3 

6 percent solutions, 5 weeks at 28° C.__._-.._--- 52.5 78.3 89.2 19.3 50 

6 percent solutions, 10 weeks at 28° C.__...-.--. Seer 101.6 97.0 Baie 62 

MAPLE 

2 percent solutions, 2 weeks at 50° C......------ 85.5 60.3 103.8 19.6 43. 
2 percent solutions, 5 weeks at 50° C._....------ 22.0 50.4 83.0 17.8 45.1! 
percent solutions, week 50° 9.4 50.4 89.4 
6 percent solutions, 1 week at 28° 17.6 

percent solutions, weeks 28° 28.2 61.4 87.7 17.9 

WHITE OAK (SAPWOOD) 
percent solutions, weeks 50° 24.1 61.0 105.9 18.6 
percent solutions, weeks 50° 24.6 40.8 91.8 17.5 40.6 
6 percent solutions, 1 week at 28° 15.0 
percent solutions, weeks 70.9 103.0 14.7 49.5 
percent solutions, weeks 28° 82.5 108.5 63.3 
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the case pine. When the breaking 
were being made was observed 
that some the pine cross sections 
had been included deviated too 
from the desired uniformity 
the direction annual rings. The re- 
such pieces were not included 
averages, which therefore were 
cases. 

following observations were 
shrinkage and warp- 
ing dried specimens. The four soft- 
woods showed less change shape 
and length than did the two hard- 
woods. the chemicals used, acetic 
acid showed little effect any species. 
acid caused the hardwoods 
shrink and warp somewhat, but had 
very little effect the Ni- 
tric acid, sodium hydroxide, 
dium carbonate showed little effect 
the softwoods and very pronounced 
effect the hardwoods, especially 
maple. 


The results the strength tests are 
given table The data are arranged 
facilitate comparison between 
chemical solutions rather than between 
species. 

Not enough data are presented here 
fair comparison between dif- 
ferent species. For such comparison, 
cross sections from number boards 
from each species would needed and 
enough tests would needed that 
reliable averages could derived 
statistical treatment the data. 


Effect Dilute Solutions 
Redwood Cross Sections: Tests 
redwood cross sections were made 
part broad investigation the 
deterioration redwood cooling 
towers. Decay largely responsible for 
the deterioration some cases. How- 
ever, attack chemicals the water 
ing factor some cases and the pri- 
mary factor others. The relative im- 
portance the two factors mat- 
ter controversy present. 


The procedure used these tests 
was essentially the same that used 
the first series. set controls for 
exposure distilled water was taken 
from between two sets that were ex- 
posed two concentrations the same 
chemical. When only one concentration 
chemical was used, the values 
the adjacent five specimens exposed 
water were taken the basis 
comparison. 


Discussion and Conclusions 


The results table show that 
moderate low concentrations 
temperatures well below the 

point, the common acids and 
show marked differences 
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Table STRENGTH REDWOOD CROSS SECTIONS AFTER EXPOSURE 
CHEMICAL SOLUTIONS 50° EXPRESSED PERCENTAGES BENDING 
STRENGTH CROSS SECTIONS EXPOSED WATER 50° 


Strength compared with 
specimens exposed to water 


After 


After After 

Chemical solution months 

Percent Percent Percent 


percent solution sodium hy- 
droxide was shown injurious 
all species, even room temperature. 
50° percent solution was 
definitely harmful. the other ex- 
treme, cold percent acetic acid showed 
little attack any species. The soft- 
woods showed consistently 
sistance the two mineral acids than 
did the hardwoods. There was much 
less difference between the hardwoods 
and softwoods resistance alkalies. 
The definitely greater effect per- 
cent nitric acid than percent sulfuric 
surprising view the fact that 
nitric acid tends lose its oxidizing 
power low cencentrations. 


The superior acid resistance coni- 
fers compared with hardwoods has been 
attributed higher lignin and lower 
hemicellulose content. view the 
nature these tests, the resistance 
hardwood and softwood lignin di- 
lute acids, and the manner which 
lignin distributed wood, one 
led suspect that the difference 
lignin content less important than 
the difference the amount 
ture hemicellulose. 

The data table show considera- 
ble agreement with laboratory studies 
the rate effect various chemi- 
cals the chemical composition 
finely ground wood. The results are 
also more less line with practical 
experience the use these species 
exposed these chemicals plant 
operation. 

Table shows that, the chemicals 
that may present cooling towers, 
chlorine far the most harmful. 
However, the concentrations chlo- 
rine maintained for algae control are 
only about percent that the 
weaker solution sodium hypochlo- 
rite used the tests. The data show 
that temporary excess concentration 
chlorine, which may result from 
breakdown controls, could cause con- 
siderable damage. Sodium carbonate 
0.1 percent was definitely harmful. 
Concentrations approximately this 
value have been reported for samples 
water taken from the basins cool- 
ing towers. Where local buildup 
concentration results from evaporation, 


fairly rapid deterioration wood can 
expected. Sodium chloride, sodium 
sulfate, and calcium sulfate showed 
effect within the probable experimental 
error. the other hand, sodium bi- 
sulfite and ferrous sulfate should 
regarded with suspicion; whenever 
temporary conditions lead abnor- 
mally high concentrations these 
chemicals, corrective measures should 
taken. 


Some strength values excess 
100 percent were obtained. While some 
chemicals might conceivably have 
beneficial effect the bending strength 
wet cross sections, more likely 
that the results reflect the experimental 
error the method used. The results 
for weeks’ exposure shown table 
are undoubtedly affected some ex- 
perimental error. 

The results these preliminary tests 
appear sufficiently promising justify 
further work along this line. Certain 
modifications the test method ap- 
pear desirable. would probably 
advisable use sets more than five 
units and take alternate cross sections 
form the control set and the set 
exposed the chemical solution. 
might also desirable get green 
boards, season them carefully, and then 
condition them render them free 
internal stresses. The obvious impor- 
tance uniform direction annual 
rings has been mentioned. Data ob- 
tained such tests might helpful 
selecting species for use some new 
process. 

Similarly, some idea the permea- 
bility different species given 
chemical might obtained exposing 
fairly large, end-coated pieces the 
solution for varied periods and then 
analyzing successive layers wood. 

select heartwood lumber pre- 
ferred species becomes 
there will increasing interest the 
use sapwood for less severe ex- 
posures. Here again, preliminary labo- 
ratory tests should helpful. 

Strength tests large are, 
course, more nearly related actual 
use conditions. Not only does the pene- 
tration chemical take place largely 
through side grain use, but the 
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strength properties perpendicular the 
grain are greater significance. How- 
ever, because the variability wood 
and the necessity extensive replica- 
tion tests, such investigations tend 
very costly. many cases only the 
less costly tests small specimens 
would feasible. 

Because wood important ma- 
terial construction the chemical 
industry, further research the de- 
terioration wood chemicals war- 
ranted. first step, test methods 
should developed for obtaining the 
information needed for the most 
cient use wood this field. 
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WERE POSSIBLE for mythical 

man from Mars—with pure, unde- 
filed objective outlook everything— 
silently swoop down this planet 
ours and slip into seat any one 
our industry conventions, read 
some our trade publications, 
sure would amused with the 
evangelistic fervor that the need for 
overall wood industry advertising and 
overall wood industry research being 
confidently expounded! 

Ever since competition started 
rear its ugly head, our country moved 
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from wartime economy more nor- 
mal era, been hue and cry for 
universal heal our hurts and 
solve our problems. The organization 
the Marketing Committee the Forest 
Products Research Society another 
manifestation this search for cure 
listen those who sincerely be- 
lieve that centralization promotional 
efforts the the win- 
ning back lost markets that all 

Just the term, research, very 
complex one such spheres 
scientific research, product and applica- 
tion research, and 
search with marketing. encom- 
passes much more than advertising—a 
great deal more! Just name few 
phases marketing can start off 
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with styling and design and then add 
the big subject 
aging with its important companion 
point sale displays. This great big 
subject takes methods distribution, 
pricing and all the many ramificat:ons 
selling. Top this off with 
research and you have 
completed the highly interesting 
intriguing studies that make mo: 
American marketing! 

Sounds like marketing far too big 
subject for one committee, and 
Our reason for giving members the 
Society this peep-hole view 
the formation this 
going mean marriage between Re- 
search and Marketing, want you 
know that the subject fascinating 
tertaining—even voluptuous! The 
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tire wood industry has been hag-ridden 
much strident whining for adver- 
tisin want live long and hap- 
pily with you—to increase the services 
Society its members. Success- 
ful marketing the products 
means wider use research and 
our whole industry. 


where start this big 
sug that start with few phases 
research, this seems appro- 
jumping off place for or- 
ing and information. 

Market research has been defined 
Use Market Research for the 
‘art accumulating, arranging, classify- 
ing, analyzing, interpreting, and organ- 
izing data from primary and derivative 
sources, both internal and external, such 
data being both quantitative and qual- 
itative descriptive, for administrative 
increasing net profit increasing 
sales volume decreasing sales and dis- 
tribution costs, both.’ 


would like shove our boat away 
from the nice quiet shore start 
down the turbulent, dangerous river 
Eastman, the grand-daddy 
market research, who constantly reiter- 
ated that are 


Most who work manufactur- 
ing plants forget, most the time, 
that the things make are for people. 
Even produce railroad ties 
creosoted piles, our product essen- 
tially for people. Now, goes without 
saying that all people are not prospects 
for ties poles. There’s limited num- 
ber people who buy these items. 

are right qualifying Mr. East- 
man’s remarks saying are 
some You don’t sell $50,000 
houses $50 week clerks, neither 
would you get very far marketing even 
deluxe styled chic sales’ setups the 
Chicago’s North Shore. 
Now, course, both these examples 
border the ridiculous. Common-sense 
should enough guide solve 
this problem—but you would sur- 
prised how little attention some 
pay people when design and man- 
ufacture product; and get sales 
and advertising campaign move it. 
course, this apply you for 
your product was “‘consumer 

perhaps you are one those 
people who follows competition. One 
your salesman comes one day with 
the startling announcement that your 
has something new the 
you set out copy it. May- 
make little better. Maybe 
you make little worse (so you can 
cut price) but dollars doughnuts 
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you are one those who follow 
competitors you never stop find out 
how big the market any other 
pertinent facts. (Why should Think 
going let that so-and-so get the 
jump me?) goes! This method 
all right your competitor has made 
market survey and knows what 
doing. might even work out 
good But he’s neither, and 
just made the item work off 
some surplus raw stock, both you are 
for lot trouble. 


People are markets, and they part 
with their hard-earned dollars when 
they want something you make more 
than they want their money. order 
sell more present product, the 
smart thing learn what kind 
people buy your product and why 
they buy it. hope that any study 
you make doesn’t give you such shock- 
ing answers “buy from 
“like your salesman” the leading 
buying motives, for you are for 
worse shock some competitor gets 
with real “user and takes the 
business. It’s always well see that 
your advertising sells, and you are 
very smart sales manager you insist 
the salesmen dropping occasional 
remark the quality the product 
well taking the buyer lunch! 


Now hope from the above that you 
don’t think plugging the need for 
surveys—that all you need get 
many people, and then sit back and 
wait for the right answer. The majority 
surveys that have come across 
desk are lazy, expensive ways getting 
any answer all, let alone the right 
one. was just few months ago that 
received conglomerate questions 
from one our leading universities. 
This survey was intended get our 
opinion the relative standing 
lumber and competitive materials. They 
asked for opinion and also some defi- 
that even our 
outstanding accounting department 
could not answer. did not return 
the questionnaire. been wondering 
who did answer it, all the while hoping 
the client did not invest too much 
money making the survey put too 
much stock the results! 

Now, you can learn great deal from 
surveys. doesn’t take million ques- 
tionnaires find the answer size 
survey not nearly important 
the quality the sample. have had 
two mail surveys which have checked 
out result basis—one made 
mailing list 5,000 and the other 
only 1,000. One personal interview list 
just thirty-five yielded some very 
important and valuable information. 
Let reiterate, not how big, but 
how good your list is! 


Then, course, you've got 
down the line and believe the results 
even the majority the people ans- 
wering the survey said, “bought 
spite the and the whole 
campaign was your particular pet! 
the signal for changing the ad- 
vertising right now that reflects the 
real reasons why people made their 
purchase, Big companies are constantly 
checking their selling appeals and their 
products. When public 
“we hate their television commercials, 
but their blades are real the 
commercials are changed 
times the advertising agency. 


One the hardest things the 
Everyone has opinions, likes and dis- 
likes—they come from our up-bringing, 
environment, friends and acquaintances. 
when you have make decisions, 
try base them the best facts ob- 
never kid himself—neither should 
attempt get opinions subordinates 
for all they can when placed the 
try give the boss the right 
answer. It’s really surprising learn 
how well inattentive office boys and 
seemingly flightly stenographers have 
your thoughts catalogued. 

Even though organization tries 
desperately critical its services 
and products, they never come with 
the complete truth. Years ago, when 
was writing advertising 
department large metropolitan 
daily newspaper, buyers certain 
high grade men’s furnishings store used 
tell constantly that their delivery 
service was faster and better when the 
store subscribed the same common 
delivery service their competitor! 
had the head the shirt depart- 
ment extoll his over those all 
other stores when all had offer 
was nationally advertised shirts which 
could purchased another store just 
block away the same price. 


Now, not going say these 
men were untruthful. was just natural 
them sell themselves their 
store. don’t question all that they 
really thought their 
was faster and better, that their shirts 
and stocks other branded merchan- 
dise were better values. cite this ex- 
ample illustrate natural human weak- 
ness that blinds our eyes our faults 
and builds the qualities our prod- 
ucts and services our own minds. 
Remember, you can wrong! Be- 
rating salesmen, moaning about jobber 
get you anywhere. study prospec- 
tive buyers, some change your sales 
approach different package may 
the answer. 
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experience had our retail yard 
organization several ago when 
white painted Cape Code style houses 
were being built all over Chicago. In- 
asmuch these new homeowners were 
buying the management thought 
that was good bet sell picket 
fences for historically white 
fences perfectly with White Cape 

Arrangements were made buy 
large quantity gothic head western 
cedar and when several carloads arrived 
started advertise them the 
usual way much piece for the 
pickets. Nothing happened, the 
next pointed out that the clear 
pickets were selling price that was 
cheaper than common lumber. re- 
sult, had few sales but was 
clearly apparent that depended 
these sales tactics would take five 
years move our stock. 


Then the break came. young man 
whose wife had set her heart 
picket fence got the and 
was very apparent that thought 
picket fence cost lot money. 
wanted know how many pickets 
took for fifty feet fence. told him 
the quantity and the price. When 
learned that needed hundred lineal 
feet 2x4’s and they came rela- 
tively small amount, enthusiasm 
picked up. was really joyful when 
learned that seven cedar posts and 
the nails brought the whole package 
answer. And had! The next week 
started advertising fifty foot fence 
sold our stock out and 
were able bring several more cars 
before the end the season set 
real record. 

Ever since that time 1938, with 
the exception the war years, when 
knocked out fencing, have 
advertised fence packages all sorts 
with good results. That little woman 
who was determined get her picket 
fence started something—package pric- 
ing—which the commonplace thing 
lumber yard advertising today, but 
was unusual years ago that trade 
paper editors picked unusual 
event! 

The moral that story that the 
ordinary layman doesn’t recognize 
lumber value when sees one. Home- 
owners the Chicago market were 
buying lots galvanized ornamental 
wire because was sold lineal 
foot basis and they could figure the 
our cedar picket fencing, might also 
have slipped into the limbo for- 
gotten things and listed market 
which was lost because failed 
overall industry research neglected 
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advertise generally that wood 
good! 

Marketing fascinating subject, 
and there are endless examples little 
changes which have started people 
buying. pardon another refer- 
ence own company, would like 
tell you short story about 
merchandising success which 
being picked other lumber deal- 
ers throughout the country and prom- 
ises increase greatly wood utilization 
providing market for short lengths 
and low grades. 

don’t have tell you that 
can use that sentence the past 
tense. The solution didn’t come 
once. tried several ways moving 
shorts—bundling them enough 
lumber make sand box, make 
set shelves—or hobby pack 
for making small things the home 
work shop. That helped, but not very 
much, also had its drawbacks for 
around bundle short lumber 
ceased the universal building 
material out which thousands 
things could made, became sand 
box with narrow market, narrowed 
further seasonal demand. 

tried other methods including 
making plans for furniture and 
hobby projects but still until 
hit upon the device the Economy 
Corner. simply ten ten 
bay the main lumber shed all 
our retail yards. was set apart with 
attractive sign which read 
Serve Yourself and this bay, 
stood shorts around the wall, 
priced them according size and grade 
with merchandising prices—29c, 39c, 
49c, etc. Our shorts began move, 
yard foremen who were loathe give 
precious shed space were pleased— 
the “jag was waiting itself! 
Now have buy straight cars 
“shorts” keep our Economy Corners 
—filled up! 

This idea working and our grow- 
It’s marketing success worth millions 
the lumber industry. don’t want 
rub but there’s need for re- 
search into what with shorts 
some low grade which can cut back 
two foot and longer. Economy 
Corners all 26,000 retail lumber 
dealer yards will please do-it-yourself- 
ers; and even some contractors always 
find piece two they can use. 
need advertise that wood better. 
What are people buying all the power 
tools for—to chew iron? Just keep 
the Economy Corners filled with nice 
clean shorts with price every 
piece! 


another fascinating marketing 
story. Perhaps all this great wood indus- 
try our needs more imagination, 
more work find out what the public 
really wants! 

Ever hear window units—wood 
window units? Double 
complete with weather-strip, 
spring balances and prefitted, rot-proof 
treated sash and frames? All you have 
slip this window into 
rough opening and nail your trim. 
Ever hear wood awning window 
units? Here’s the perfect window 
modern, contemporary design—the best 
kind window for using insulating 
glass such thermopane. Ever hear 
slide-by wood window units, 
wood casements, roll-by wood 
windows well fixed glass 
picture windows 

I've put that the form questions 
for some our loudest breast 
who have seemed have thrown 
towel into the ring and hail the new 
champion—metal 
seem know that there’s amazing 
switch wood windows throughout 
the country. New design and new 
styling has turned the trick, and the 
National Association Home 
ers Show held last January 
the combined Wood Exhibit arranged 
under the leadership Robert 
manager Ponderosa Pine Woodwork, 
these new wood windows, 
other wood products, stole the show. 

Showmanship important part 
marketing. The combined Wood 
Exhibit had interest, had color 
sales appeal. Home builders responded 
the individual exhibits where they 
could see and examine the design and 
style results individual 
That’s the American way doing 
things. simply can’t duplicated 
overall industry research 
industry advertising. 

hope the Marketing Commit- 
tee the Forest Products Research So- 
ciety provide means exchange 
ideas all phases markcting 
problems. hope provide forum 
where good working ideas will 
sented members the Socicty 
that other members can hear 
our aim teach example, foster 
initiative and thinking the part 
all members, and last but not least. 
make our programs interesting and 
stimulating. 

avoid trying run other people’s busi- 
nesses, this marriage between Resc.rch 
and Marketing will not end 
With forebearance and mutual respect, 
may these two segments the Forest 
Products Research Society live 
ever after! 
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Director, Varnish-Resin Laboratory, Company, 115th St. and Cottage Grove Avenue, Chicago, Illinois 


This paper discusses some the formulations and characteristics 
the various wood finishes that are force dried. also points out 
the need for mutual consideration all factors involved the force 
drying wood finishes the finish suppliers, finishers and equip- 


ment engineers. 


Introduction 


PAPER WILL NOT present any 
new technical data nor report 
any recent developments. Rather 
and contemplation established facts. 
hoped that these considerations 
will serve focus some thought and 
discussion area wood finish- 
ing that poses some interesting prob- 
lems several groups people asso- 
ciated with the wood industry. 

The force drying wood finishing 
materials embodies many problems that 
involve the producers the finishes, 
the users these materials, and the 
manufacturers force drying equip- 
ment. felt that better understand- 
ing each other’s enigmas will lead 
faster ultimate solution the 
whole problem. The Forest Products 
Research Society the one organiza- 
tion that brings these various groups 
together. our hope bring out 
the important factors involved and thus 
create some real active discussion that 
will bring together these three groups: 
and out these considerations may 
come some ideas and action that will 
beneficial all concerned. 

Perhaps this paper will serve 
forerunner further presentations be- 
fore this organization more specific, 
informative and beneficial studies 
the various phases the interesting 
and complex process force drying 
wood finishes. 
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The Substrata—Wood 


certainly will not necessary 
spend great deal time discussing 
the characteristics wood before this 
organization. But maintain conti- 
nuity our considerations, will 
well review briefly those properties 
that relate and affect its finishing. 


Since one the purposes finish- 
ing wood enhance its beauty, 
stain used obtain decorative and 
marketable color, and accentuate the 
gtain pattern. The porosity the 
wood determines whether not 
filled. Very porous woods such 
mahogany, walnut, and oak require 
highly-pigmented, heavy-bodied filling 
the other hand, semi- 
porous woods such maple, birch, 
gum, etc., nonporous woods such 
pine, and fir require less 
filling. The least porous woods are 
then usually stained highly 
colored pigmented stain which wiped 
into the small pores. its application 
would indicate, called wiping 
stain and serves both stain and fill 
the small pores wood. With the 
very porous woods, the stain usually 
applied separately and prior filling. 
These stains are usually dyes dissolved 
water—the water stains, sol- 
vent—the non-grain-raising stains. The 
filler, like the wiping stain, wiped 
padded into the pores. 

all well know, wood com- 
posed These will tend 
stand end result the wiping 
action employed the application 
stain and filler. order eliminate 
these, sanding sealer applied. This 
sealer embrittles the fibers that when 
sanded they are cut off, thus leaving 
smooth foundation for the finishing 
coats. The finishing coats are applied 
according the requirements the 
finisher sufficient thickness pro- 
vide the desired depth appearance, 


satisfactory protection, and that 
can subsequently rubbed and buffed 
where 

The property wood that becomes 
the greatest single factor con- 
siderd force drying finishes applied 
thereto that hygroscopicity. The 
hollow cell structure wood allows 
absorb and release moisture rather 
readily. Any sudden change mois- 
ture content usually has dire results 
the wood structures made thereof. 
For this reason the relative humidity 
sudden and severe loss moisture 
from the wood. The high relative 
humidities thus required are conflict 
with those factors contributing the 
best drying finishes. This property 
wood not only requires humidity 
control but limits the temperatures 
which force drying wood can 
carried out. Practical experience has 
shown that temperatures above 150°F. 
cause moisture change rate 
rapid that checking veneer, cracking 
wood, delamination plywood and 
loosening glue joints can occur. 


Drying Processes Finishes 


From the preceding discussion 
can seen that there are several types 
finishing materials required 
properly surface, decorate 
These types embody all the 
three major processes that finishing 
materials undergo drying. 

Evaporation Solvent: All 
the conventional finishing materials 
are thinned working consistency 
suitable solvents. order for 
rial arrive the dry state, this sol- 
vent must removed from the film. 
some cases, such with lacquers 
dye-type stains, this the only proc- 
ess involved drying. other types 
fillers and varnishes, solvent evapora- 
tion the first stage drying and 
must followed one both 
the other processes. 


Oxidation: Many the finish- 
ing materials use today contain 
vegetable animal fatty oils the 
film-forming ingre- 
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Table 1.—MODE DRYING PROCESS 
MATERIALS 


Polymer- 
ration tion ization 


Water stains 
Non-grain raising stains 
Shading 
Toners__ - 
Primers __ 
Lacquer Sealers 
Varnish Sealers_ 
Lacquer Top 
Varnish 
Heat Converting 
Enamels (Varnish) - - - 
Enamels (Heat Con- 


These substances dry oxida- 
tion. That is, their original state 
they are liquid semi- solid nature: 
such state, satisfactory continuous 
films are not formed. They are con- 
verted solid continuous films re- 
action with oxygen from the air. Oleo- 
resinous and alkyd type varnishes must 
utilize this drying process since they 
include oils combination with resin- 
ous materials. Fillers, being essentially 
pigmented oils, also require the oxi- 
dizing process. 

Polymerization: This term re- 
fers the chemical reactions which 
tie together many molecular groupings 
form long chains the chemical 
building blocks. the form 
chemical liquid soft compared 
the form. other words, 
the molecular weight (or the num- 
ber molecular groupings tied to- 
gether) increases, the harder, more in- 
soluble, more chemically resistant 
compound becomes. This process takes 
place only after the molecules are sufh- 
ciently activated. They can thermally 
chemically turbulated Ob- 
viously, and such the case with 
wood finishes the strictly polymeriz- 
ing type, molecular agitation can 
accomplished combination both 
means. The heat-converting varnishes 
are this type. Polymerization also 
involved with oxidizing type materials 
since oxygen serves cross link oil 
molecules. 

Table will show how most the 
wood finishing materials employ com- 
binations these three drying proc- 


Requirements Force Drying 
Equipment 

above relative the various physical 
and chemical forces that are involved 
the drying wood finishing mate- 
rials, can seen that there are three 
fundamental requirements force 
drying equipment—(1) evaporation 
solvent, (2) provision oxygen, 
(3) thermal molecular excitation. Be- 
cause the substrata (wood) hygro- 
scopic and subject effects mois- 
ture change, fourth requirement 
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expected this pro- 
vide controlled humidity. 


Evaporation Solvent 


From Table can seen that all 
the conventional finishing materials 
must lose their solvent the first step 
drying. This accomplished the 
heat provided the oven and air 
movement. The heat provides the kinet- 
energy necessary drive the sol- 
vent from the film. The air movement 
carries the vapor away from the area 
immediately adjacent the film sur- 
face that the evaporation process 
can continue satisfactory rate. 
the vapor was not carried away some 
the molecules could condense and 
again become entangled the film. 
This would lower the net effective 
evaporation rate. 

Another consideration made 
regard the effect heat that 
soon some solvent evaporation takes 
place cooling effect results which 
tends lower the temperature level. 
This means that certain thermal in- 
put mecessary just maintain the 
dynamic balance the system. in- 
crease the evaporation rate the tem- 
perature must increased accordingly. 

From practical point view, 
would seem that the quicker the sol- 
vent can driven off the faster will 
the total finishing schedule. This 
true, but there are limiting factors in- 
troduced 
tics the material. Time often must 
sacrificed obtain proper perform- 
ance. Solvent must lost rate that 
will reconcile these factors. 

Sufficient time must allowed, for 
instance, for the material flow out 
properly before too much solvent 
lost. this time not allowed the 
film will show “orange 

Too rapid initial evaporation, 
whether from too much heat air 
movement, might cause excessive sol- 
vent loss from the surface the film, 
the solvent beneath the surface tries 
escape through the hardened surface 
would blow the surface into small 
bubbles blisters. 

Also, dynamic balance not 
maintained between heat input and 
rate evaporation, excessive evapora- 
tion solvent from air flow might 
reduce the temperature sufficiently 
condense moisture the wet finish 
surface. Water would out” the 
solids from colloidal solution causing 
bloom, blushing evidenced areas 
dullness and whitening the film. 
most cases subsequent heating not 
sufficient remove this defect. 

Therefore, the proper rate evap- 
oration determined the perform- 
ance the particular material being 
dried. This sometimes done 


suitable gradual increase tempera- 
ture air movement the 
matter fact, the majority 
cases off” time room tem- 
perature necessary before introduc- 
ing into the force drying equipment. 


Provision Oxygen 


The provision oxygen, course, 
done the introduction into and 
movement air through the drying 
oven. From the chemical point view, 
there maximum limit oxygen 
provision. The film will take the 
amount requires and more. 
side. little stoichiometry will 
mine this for any given finish. The 
amount air necessary for 
times that required chemically. 

provided, means improper 
the finish. the case fillers 
wiping stains, improper drying 
lead poor wiping, open pores 
filler blushing. With varnish sealers 
poor sanding would 
countered and consequent 
tory surfacing and adhesion could 
sult. Improperly dried topcoats would 
show poor print resistance, 
tory water and chemical resistance, 
softening back during rubbing and 
buffing; and many and varied 
defects. 


Thermal Molecular Excitation 

The polymerizing reactions involved 
the curing thermal setting and 
drying other types varnishes are 
dependant the increased movement 
molecules. Simply the law 
probability separate 
contact each other more often 
given time the frequency their 
vibration and orbit activity are in- 
Heat the most common 
method exciting molecules. The 
heat-converting resinous materials are 
formulated that molecular 
tion the smaller chemical units unite 
form larger molecular units that 
make the film forming polymers. 
The only factor considered here 
that the force-drying equipment pro- 
vides the temperature and time sched- 
ules that the formulator has found 
necessary for the particular coating 
volved. Figure shows typical time 
and temperature study 
tional thermal-setting coating. 
perature ladders are run 
such curves several temperature 
levels. The point which the proj 
hardness obtained determines 
recommended temperature-time sch: 
ule. The proper hardness rating 
point which satisfactory 
resistance attained well the 
tual hardness necessary for proper 
bing and packing performance. 


OCTOBER, 


ORYING TIMIE V3. SWARO 
BAKING TEMPERATURE 


SPRAYED ON CARRARA BLACK GLASS, 


RELATIVE VS. SWARD HARONESS 
ON HEAT CONVERT/NG VARN/SH 


BAKING TEMPERATURE 


ROOM TEMPERATURE THREE DAYS. 


60 


SWARO AOCKER NHARONESS 


TIME 


MINUTES 


Table shows typical equivalent 
temperature-time schedule comparisons 
developed from the type data 
described above. 

Needless say, insufficient heat 
would result undercuring and the 
same general film failures that im- 
proper drying oxidizing finishes 
would exhibit. 


Humidity Control 


The need for proper humidity pro- 
vision maintain the optimum mois- 
ture content the wood has been 
pointed out above. believed most 
finishers prefer maintain wood mois- 
ture contents percent. Table 
shows the relative humidity values 
necessary various temperature levels 
maintain percent moisture con- 
tent. Table gives the data 


SPRAYED WALNUT PANEL -AIR 
| 


Figure 1.—Effect time varnish curing (left). 


Figure 2.—Effect humidity varnish curing. 


Above was also stated that gen- 
cral any humidity deterrent 
finish drying. This true since mois- 
ture vapor the atmosphere retards 
evaporation solvent. There 
real agreement the correct theory 
this phenomena. Excessive humid- 
ity also source trouble due 
its possible condensation into the film 
causing poor drying, blushing, bloom- 
ing, frosting, low gloss. 

the polymerization process, cer- 
tain voltatile vapors, not solvents, are 
released the chemical reaction. High 
humidity retards the release these 
Figures and show the 

ect humidity curing convert- 
ing varnish. Figure shows the curve 
against humidity fixed schedule 
140°F. for 114 hours walnut 
panels percent moisture content. 


Table 2.—EQUIVALENT BAKING SCHEDULES FOR CONVENTIONAL 
THERMAL SETTING VARNISHES 


Schedule 
hours 140°F. 


Figure the same except that glass 
panels were used order obtain 
direct hardness readings free from sur- 
face variations the substrata. 

Hardness was determined the 
Sward Hardness Rocker, instrument 
that works the principal that soft 
than harder ones swinging the 
chrome-plated brass swings. The values 
are simply the number swings made 
through arc 20° measured 
tube style levels. 

The tables show that humidity 
increased, the film hardness decreases. 
about percent the hardness drops 
off sharply indicating practically cure 
higher humidity levels. 


Desirable Equipment Design 
Characteristics 


There will attempt made here 
discuss detail oven and conveyor 
design. This should left those 
people who are informed that field. 
view the demands made such 
equipment the fundamental 


Schedule Schedule 
144 hours at 140°F. 1 hour at 140°F. 
hours 130°F. hours 130°F. 


finishes rubbed, buffed packed one hour after removal from oven. 
finishes rubbed buffed hours after removal from oven. 
For finishes packed unrubbed hours after removal from oven. 


hours 120°F. 


hours and physical properties finishing ma- 


terials, would well discuss the 
very basic desirable design features from 
the finish producers’ point view. 
These are discussed under the three 


hours 100°F. 


Table HUMIDITY-TEMPERATURE 
RELATIONS MAINTAIN PERCENT 
EQUILIBRIUM MOISTURE CONTENT 


Table 4.—RELATIVE HUMIDITY-TEMPERATURE 
RELATIONS MAINTAIN PERCENT 
EQUILIBRIUM MOISTURE CONTENT 


functions force drying equipment: 
(1) temperature and time schedule, (2) 


air movement, and (3) humidity con- 


°F, Wet-bulb Relative Wet-bulb Relative trol. 
Dry-bulb depression humidity °F. Dry-bulb depression humidity 
percent percent 
120 120 The major concern under this func- 
130 
150 150 isfactory. general the temperature 
FPRS 
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Figure 3.—Force-drying schedule study. 


should rise gradually, reach the specified 
level and hold that value for the 
proper time. some cases ovens are 
designed the basis finishing mate- 
rial formulations, but the majority 
the cases the opposite true. Regardless 
which the case, the proper temper- 
ature cycle must provided. Figure 
shows the type temperature cycle that 
often encountered. Obviously this does 
not give the optimum temperature 
throughout the entire length the cycle. 
Figure shows the desirable curve. The 
sliding temperature curve Figure 
often encountered batch-type kilns 
where the heat turned full late 
the afternoon, then turned off 
quitting time and allowed drift dur- 
ing the night. The same type thing 
encountered conveyor ovens, prob- 
ably because improper design in- 
consistent 


Also importance proper drying 
the finish the distribution heat. 
There should areas the oven 
where heat not carried. Many times 
the bottom the tunnel not suffi- 
ciently heated. How the heat intro- 
duced problem for the oven engi- 
neers but their designs they should 
take into consideration the type, size, 
and shape pieces being finished. This 
may make some differences the man- 
ner that heat distribution provided. 
also important that the kiln and 
conveyor designers recognize the type 
coating materials used and are 
familiar with properties. Complete 
knowledge these facts will aid greatly 
providing the correct flash-off time, 
upheat rates and temperature and con- 
veyor speeds (or batch kiln capacities). 

conveyor systems the time factor 
controlled the speed movement 
through the oven. The conveyor engi- 
neers are therefore consulted 
integral part the team that must 
cooperate this endeavor. 


Air Movement 


Direction Flow: The flow 
air through conveyorized oven tun- 
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Figure 4.—Improper baking-temperature 
curve. 


nel type kiln should preferably 
counter the direction movement 
the finished pieces. this way air 
relatively free from vapor sweeps across 
the dried film first and carries vapor 
picks its travel through the oven 
toward the front end where vapor con- 
centration necessarily high. the air 
movement the direction flow 
pieces, would carry vapor-laden air 
over the dried film, thus tending re- 
duce maximum drying efficiency re- 
softening the finish, 


Distribution Air: The mere 
movement air not the only con- 
sideration made. pointed out 
above, the heat should evenly dis- 
tributed, the air movement should 
such that there hot air moving 
throughout the entire cross section the 
oven. 


Amount Air Flow: The amount 
air introduced into the oven lim- 
ited the maximum side economy 
and minimum the lower explosive 
limit. The National Board Fire Un- 
derwriters require not less than 10,000 
cubic feet fresh air per gallon 
solvent evaporated. 


Ratio Fresh Air: Another con- 
sideration the air flow problem the 
ratio recirculated air fresh air. 
generally accepted ratio three parts 
recirculated air one fresh. 
formula exists logically determine this 
ratio. Consultation between finish sup- 
plier, finisher and equipment manufac- 
turer would order this point. 


Humidity 

The limiting factor humidity has 
already been discussed. The main things 
engineering has been applied provide 
moisture contents and method 
accurately control that content, and 
(2) that good maintenance provided 
insure consistent humidity control. 

factor equal importance that 


Figure 5.—Ideal baking-temperature 


levels and distribution heat, air 
humidity the provision 
quality instrumentation. Recording 
mometers, manometers and hygrome. 
properly placed are highly 
The cost installation and maintena 
such equipment will surely 
itself reduced finishing troubles, 
assurance properly operating 
ment adds the efficiency plant 
eration and finishing quality control. 


~ 


Further Considerations 


There are many questions that cogi- 
tating this subject should bring forth. 
There need for serious study 
tain phases the general problem. 

Someone, for example, should 
velop physical law explain the phe- 
nomena involved the retarded evapo- 
ration solvents high 

All the factors should considered 
arrive some kind rule regarding 
the length flash-off time necessary 
particular finishes. 

formula should developed 
determine the amount fresh 
essary dry finish and its correct ratio 
recirculated air. 
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Natural Wood Finishes For 


Exteriors Houses 


DON LAUGHNAN 


the ever popular natural finishes for wood siding are 
used with satisfaction attention must given the rather exacting 
conditions for their maintenance. Such finishes are two general 
types—penetrating intrasurface coatings and surface coatings. 
Both must carefully selected and applied and renewed oftener 


than other types exterior finishes. 


FINISHES for wood sid- 
ing houses have become in- 
creasingly popular the past years. 
They are most frequently used red- 
wood and western redcedar, woods 
that have natural reddish-brown 
color. lesser extent they are also 
used lighter colored woods such 
cypress, pine, and Douglas-fir. 

Many natural finishes are clear 
transparent, but some are pigmented 
slightly; enough pigment added 
impart some color the wood but not 
enough hide mask the grain 
the wood. They are not made with 
much pigment shingle stains, for 
example. 

Natural finishes can 
tory service, provided suitable finish 
selected and properly applied and 
maintained. But natural finishes 
general are much less durable than 
good quality house paint and must 
renewed much more frequently. House 
paint should serve least years be- 
fore needing renewal, and 6-year in- 
terval between repaint jobs 
yet. contrast, most natural finishes 
need renewed once year; 
those parts house fully exposed 
sun, wind, and rain, more frequent 
may 


rule, natural finishes not 
protect wood against weathering 
well good quality paints do. The 
house owner who plans use nat- 
ural finish should select siding one 
the woods that holds finish well 
and has little tendency warp, split, 
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and pull fastenings. Woods com- 
bining these requirements high 
degree are cypress, redwood, and west- 
ern redcedar. Northern white pine, 
sugar pine, and western white pine are 
very nearly good for the purpose. 

The lowest courses siding the 
south side the house are, rule, 
most severely exposed, and natural 
finish there needs most frequent 
newal. Trees neighboring houses 
may reduce the severity exposure, 
but normally, both natural finishes and 
paints fail first the south side 
the house. Exposure the east and 
west sides about equal and not nearly 
severe the south side; that 
the north side the least severe. Sid- 
ing immediately under overhang 
partly protected from the elements, 
and natural finish such areas can 
longest between renewals. 


When smoothly surfaced wood, such 
the planed face siding, allowed 
weather naturally (without protec- 
tion from finish), its appearance 
changes during the first few years and 
thereafter changes very little. The nat- 
ural reddish-brown color such 
woods redwood and western red- 
cedar disappears months. The 
substances that give these woods their 
color are soluble water, and rain- 
water leaches them from the surface. 
Woods lighter color, such cypress 
and the pines, may first become brown 
from the action the sun, but they, 
like all our woods, eventually become 
gray all areas where there some 
rainfall. Some woods become 
trous, silvery gray; others become 
dull, darker gray. 

Weathering also roughens smooth 
wood surfaces. causes grain raising, 
checking, and cracking, and later may 
cause boards warp, split, cup, and 
pull their fastenings. 


There way keeping wood 
long with exactly the color and 
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natural sheen with which comes 
from the lumber yard. All finishes 
penetrate into the wood some ex- 
tent, displacing air from the wood 
cells and thereby deepening the 
the wood. This true even though 
the finish colorless. For example, 
water darkens wood. 


Whether wood left unfinished 
given clear finish, sunlight gradually 
darkens most woods changing yel- 
lows and reds toward brown. Clear 
transparent finishes not prevent this 
color change because they transmit 
rather than reflect sunlight. Finally, 
most clear finishes themselves darken 
with age, adding the overall dark- 
ening the wood. 


Natural finishes that impart gloss 
luster wood when originally applied 
should ordinarily renewed when the 
finish becomes dull unfinished 
wood. the wood begins turn gray, 
however, the finish should renewed 
immediately. case should renewal 
delayed until the wood becomes 
roughened cupped, because then the 
wood must scraped and sandpa- 
pered restore smooth, bright 
surface. 

Natural finishes may classified 
into two types: the penetrating 
coatings, and the surface 
coatings. The soak 
into the wood and not leave con- 
tinuous film appreciable thickness 
the surface. The oil finishes, the 
wood sealer finishes, and the water- 
repellent preservative finishes are 
this type. They may clear slightly 
pigmented. Varnish finishes are surface 
coatings, and they usually not con- 
tain pigment. 

Unfortunately, the trade names 
commercial products not necessarily 
indicate the type which they belong. 
For example, material sold 
cabin “log cabin finish” may 
varnish finish. The user often has 
way knowing what type finish 
has until applies it. 

Some manufacturers now make 
colored base coat and topcoat the 
surface-coating type applied over 
it. Others sell clear finish the 
surface-coating type combination 
with tube color-in-oil that may 
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added the used wishes color 
his 


Penetrating Finishes 

Oil Finish: The oldest and sim- 
plest the penetrating 
linseed oil, either raw boiled. Boiled 
linseed oil contains driers; raw linseed 
oil does not. Either may used 
applied warm, dry weather, but 
during cool damp weather 
better use boiled oil. Turpentine 
mineral spirits sometimes added 
the oil, and helps avoid leaving 
any excess the surface. Not more 
than gallon thinner should 
added gallon oil; more than 
that amount seriously reduces the pro- 
tection provided the wood. 

Because the oil finish penetrates 
completely into wood, imparts very 
little luster gloss the surface 
the wood. also darkens the color 
the wood more than 
finishes. Moreover, the oil finish con- 
tinues darken with age more than 
other natural finishes do. 

Bodied oils not penetrate the 
wood deeply raw boiled oils 
and therefore not darken the 
wood much. They are made 
treating the oils chemically heating 
them for some time increase their 
viscosity. (Boiled oils are heated mod- 
erately and are essentially the same 
viscosity raw oils.) Bodied oils must 
thinned with paint thinner 
viscosity suitable for application. Most 
trade-brand oil finishes are this type. 
The bodied oils approach the 
erties wood sealers the degree 
bodying increased. 

The oil finishes may applied 
brushing, spraying, mopping. For 
new wood two generous 
are needed. after the second applica- 
tion oil there are any glossy spots 
where excess oil stands the surface, 
should wiped off before dries. 
Surface coatings linseed oil are un- 
satisfactory because they are too soft, 
tend hold dirt, and become mil- 
dewed easily. They are also inclined 
run and wrinkle. 

renewing oil finish after 
shows signs wear, one application 
should sufficient. Again, any oil not 
drawn into the wood should wiped 
off. 

The oil finishes, like the other nat- 
ural finishes the penetrating type, 
may improved markedly adding 
small amount pigment. Some 
trade-brand oil finishes the market 
contain pigment. Those that not can 
amount the color-in-oil sold paint 
stores for tinting paints. One-half pint 
less mixture equal amounts 
raw and burnt sienna-in-oils added 
gallon gives the oil finish color 
resembling that the heartwood 
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redwood redcedar. The color-in-oils 
should first stirred thoroughly with 
little the oil finish until free 
lumps, then stirred smoothly into the 
rest the oil. 


The addition pigment usually 
adds materially the durability oil 
finishes. also changes the pale color 
the sapwood redwood and red- 
cedar resemble the heartwood and 
gives richer color such woods 
pine, cypress, and Douglas-fir. 
masking the gradual darkening the 
wood itself, the pigment permits better 
maintenance color. 

The oil finishes serve best dry 
regions, such southern Arizona, 
where there are prolonged periods 
dampness. areas where dampness 
may prevail for some time, the oil 
finishes may attacked fungi, com- 
monly called mildew, that cause dark 
brown black discoloration. Mildew 
can prevented adding suitable 
the oil finish. Some, 

not all, the trade-brand oil 
finishes contain preservatives, but only 
those with the kind and amount stated 
the label may relied upon. The 
mere statement that the finish itself 
preservative meaningless because 
there general agreement the 
meaning the word 


linseed oil commercial oil 
that does not contain preservative 
used, there are two ways protect the 
finish from fungi. One way add 
concentrated solution pentachloro- 
phenol other chlorinated phenol 
the oil instead adding turpentine 
paint thinner. These solutions are sold 
lumber yards for preserving wood. 
the directions the preservative 
say that mixed with three 
times its volume fuel oil for use 
wood preservative, may mixed 
with three times its volume oil for 
oil finish. 

The other way protect the finish 
buy one the paintable water- 
many lumber yards and some paint 
stores. should applied the 
wood before the oil finish put on. 
most cases the finish can renewed 
with oil alone, for the treatment with 
water-repellent preservative need not 


Wood Sealer Finish: Another 
penetrating finish the wood sealer 
finish. Wood sealers, like varnishes, 
are made resin, drying oils, thinners 
and driers. Both are made, rule, 
cooking the resin and drying oils 
together suitable proportions. 
making sealer, however, the mixture 
cooked longer obtain greater body 
and improve sealing effectiveness. 

Wood sealer finish, like the oil 
finish, sinks into the wood cells nearest 
the surface without forming 


tinuous coating appreciable thick- 
ness over it. fact, any sealer left 
the surface the wood should 
wiped off before becomes too dry 
wipe. Sealers not penetrate wood 
deeply oils and therefore 
not darken the wood much. For the 
same reason they impart more luster 
glossiness the surface the wood 
than oils do. excess sealer remains 
the wood, forms glossy, varnish 
like finish. 

Many wood sealer finishes are 
names. Unfortunately, the names 
the directions for use often fail 
dicate clearly whether they are 
The importance wiping off 
sealer that not absorbed the 
face seldom properly emphasiz: 
result the uninformed user 
start out with sealer finish and 
up, after one two renewals, with 
varnish-like finish that less 
than the true sealer finish. 

Although most wood 
more resistant mildew than the 
they are less resistant than good hoi 
paints. Wherever there may 
lingering dampness, therefore, 
sealer finish. Some commercial 
like the oils, already contain 
tive. Those that not can fortified 
either the two methods suggesied 
for oil finishes. 

Some commercial wood sealers con- 
tain pigments for the same desirable 
purposes already described for oil fin- 
ishes. Pigments may added 
sealers the methods suggested 
pigmenting oil finishes. 

Water-repellent Preservative 
Finish: Probably the 
tory natural finish the penetrating 
type the water-repellent preservative 
finish. water-repellent preservative 
solution hydrocarbon wax, such 
paraffin, resin, resin and nonvolatile 
chlorinated mineral spirits 
other volatile solvents. 
and continues for some time 
into wood. The wax and possibly ‘he 
resin and oil make the surface 
wood repellent water, and the 
servative adds mildew and decay 
ance the wood. 

tives have been used for more than 
years treat window sash before 
are Only the past few 
however, have these preservatives 
used natural finish, and for 
purpose they are usually pigme: 
iron oxide. The pigmented 
repellent preservatives sold 
finishes commonly contain more 
than the type used treat 
result, they are not paintable 
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One application pigmented water- 
new wood, although two ap- 
provide somewhat more pro- 
discolored, two applica- 
should always Because 
its penetrating property, excess 
likely remain the surface 
wood even after two applications. 


Surface Coatings 


Varnish Finish: Unlike the pene- 
finishes, varnish covers the 
wood with coating appreciable 
thickness. With most varnishes, the 
highly glossy, but they may 
made have less gloss even 
dull flat. first varnish may 
not darken the wood much more than 
sealer does, but time there likely 
more darkening caused 
changes the varnish itself. 

Ideally, the best varnish use 
large areas one that disintegrates 
very fine crazing followed fine 
crumbling, the old fossil-resin var- 
nishes used and some ester-gum 
varnishes still do. The newer synthetic- 
resin varnishes may remain free from 
crazing and maintain gloss for rela- 
tively long time, but the end they 
tend crack, curl, and scale badly. 
practice, however, house owner has 
way tell one type varnish from 
another. Labels seldom tell what the 
varnish contains, and terms like “spar 
mean different things different man- 

Nearly every paint store sells spar 
varnish some kind. Marine spar var- 
nish, intended for use boats, apt 
somewhat more durable than 
ordinary spar varnish. Varnish best 
applied brushing, and least three 
coats are needed for new wood. The 
first coat varnish may thinned 
moderately (up per gallon) 
with turpentine other paint thinner. 
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Succeeding coats should not thinned; 
they are not expected penetrate the 
wood and, course, none the var- 
nish should wiped off the surface. 

Shellac should not used for the 
first coat exterior wood surfaces, 
even over the knots knotty pine. 
result, may time look unsightly, 
even though several coats varnish 
are applied over it. 

Where there dampness times, 
varnish finishes need protection against 
mildew just sealer and oil finishes 
do. Unless varnish already contains 
paintable water-repellent preservative 
the wood before applying any var- 
nish, not practicable add con- 
centrated preservative varnish nor 
good practice add pigments 
varnish. color desired, best 
apply pigmented oil stain the 
wood first, then varnish over it. 

For renewal, one coat varnish 
usually sufficient. Unfortunately, 
difficult, not impossible, limit re- 
coating the more exposed portions 
side wall where renewal needed. 
The freshly applied varnish does not 
match the older varnish gloss and 
color, protected areas must usually 
recoated even though they not 
need renewal. After two three re- 
newals, the varnish coating these 
areas becomes too thick and begins 
crack and scale badly. then becomes 
necessary remove all the old 
varnish with varnish remover before 
the finish can properly restored—an 
expensive and laborious job. 


Changing from Natural 
Paint Finish 


Many house owners who originally 
apply natural finish their house 
later decide change house paint. 
They may disappointed with the 
natural finish unwilling renew 


Since finish serves ideally 
prime-coat for paint, certain pre- 
cautions must taken assure satis- 
factory results. Oil and sealer finish 
may painted over with less risk than 
other natural finishes. these finishes 
are entirely within the wood, paint can 
safely applied without removing the 
natural finish. Even then wise 
let the last coat natural finish 
weather for year before applying 
paint. after that time some the 
protected areas remain glossy, the sur- 
face should sandpapered remove 
the glossy material. Then priming 
paint suitable for use under the paint 
chosen for finish coats should ap- 
plied just would new wood. 

coating type must removed com- 
pletely from the wood before paint 
may safely applied. This may best 
done with varnish remover. Spe- 
cial attention should given re- 
moving the finish from the more pro- 
tected surfaces where will usually 
best condition. All the surface 
should sandpapered lightly, then 
the priming paint should applied 
would new house. Suitable 
topcoats can then applied usual. 

The amount wax the pig- 
preservatives 
used natural finishes makes this type 
finish most difficult paint over. 
The wax interferes with the drying and 
the adhesion paint coatings. There- 
fore, several years should 
tween the last application such 
finish and the first application paint. 
Before paint applied, the surface 
should treated with 
mover, then with paint thinner soap 
and water remove most the wax. 
Special attention should given 
removal such finish from the more 
sheltered areas. Unless such precaution 
taken preparing the surface, 
shingle stain might better applied 
over this type natural finish. 
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Testing Finishing Materials For Woodwork 


DONALD LUBECK 


The testing finishing materials for use woodwork must rely 
combination empirical and standardized methods. 

The final evaluation any material necessity combina- 
tion the operators’ opinions and the results obtained with stand- 


ardized equipment. 


The testing finishing materials, used Singer cabinet- 
work, conducted chemists and engineers familiar with the rela- 
tionship existing between laboratory analysis and production 


application. 


The paper summary the tests conducted South Bend. 


TESTS USED The Singer 
Manufacturing Company 
ing materials for cabinetwork are nu- 
merous and varied. 

Whenever standardized tests, such 
those designated The American So- 
ciety for Testing Materials, can ap- 
plied, they are used. For the most part, 
however, the testing schedule has been 
devised result problems occur- 
ring production, transportation and 
the hands the consumer. 

The laboratories exercise utmost care 
testing and approving finishing ma- 
terial for production use, since materials 
approved for production use are applied 
cabinets manufactured several fac- 
tories located foreign countries well 
plants the United States, Cabinet- 
work, therefore, must meet the require- 
ments necessary withstand the sub- 
zero temperatures the Arctic well 
the hot, humid conditions the 
equator. 

When sample new material 
submitted for tests, such one from 
foreign plant, newly developed ma- 
terial from domestic supplier, 
subjected extensive testing. Routine 
samples approved materials, the 
other hand, are given only few selec- 
tive tests. 

the concluding section this pa- 
per, each finishing material, such 
stains, fillers, etc., listed with the 
corresponding tests performed upon it. 

The following are the tests that are 
mitted South Bend: 


ABOUT THE AUTHOR: LUBECK, 
DONALD Speaker, Session VII, Wood 
Finishing, Finishing Materials 
for Woodwork” Wood Technologist 
with the Singer Manufacturing Company, 
Wood Technology from the University 
Michigan. 
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Viscosity Measurement—Ford Cup 


The reporting the viscosities for 
materials tested South Bend are al- 
ways made with respect seconds 
the Ford Cup. The viscosities ma- 
terials supplied foreign countries are 
defined centipoises. This eliminates 
any possible confusion poise 
absolute unit with universal definition. 
all other systems, such the Ford 
Cup, Saybolt Universal Viscosimeter 
etc., the instrument must defined, 
the interval measured one means 
never the same that measured 
another. 


recording viscosities, temperature 
important variable. making 
readings with the Ford Cup, two 
specimens sample are required. One 
determination made room where 
the temperature higher than the re- 
quired 20° C., and one determination 
room where the temperature lower 
than 20° The final value for the vis- 
cosity the material 20° made 
interpolation. Two readings are nec- 
essary, the lower being close the 
20° C., for the reason that the change 
viscosity between two temperatures 
not linear and must calculated. De- 
terminations are not made 20° 
because the difficulty conducting 
constant temperature 20° 


The Ford Cup, Figure cylindri- 
cal, chromium-plated brass cup, the bot- 
tom which tapers small cylindri- 
cal outlet. trough around the upper 
edge the cup holds excess material 
poured into the cup when the test 
being prepared. 

The operator the test fills the cup, 
supported ring stand, with the 
sample material being tested, while 
keeps the hole the bottom 


Wood Technologist, The Singer Manufacturing Company, South Bend, Indiana 


the cup closed. container pla 
under the cup catch the 
which runs out during the test. 
operator unstops the hole the botiom 
the cup and begins the operation 
the watch when the stream 
from the cup breaks. The time inter 
together with reading the 
perature the material collected under 
the cup, gives the value the ity 
seconds. The usual range 
ities for lacquers applied 


Viscosity Measurement—Zahn Cup 


Changes temperature affect the 
viscosity finishing materials, 
thinning them, cold making them 
thicker. addition, the viscosity 
finishing material may changed 
ing specific production conditions 
the addition evaporation solveuts. 

Because these conditions, repeated 
tests can made production with 
the Zahn Cup Viscosimeter 
maintain control over their working 
quality. 

The bullet-shaped Zahn Cup, 
ure made chrominum-plated 
steel and has small hole 
rounded lower end. suspended 


times flow somple 
running from hole bottom Ford 
stops watch when stream 
viscosity terms seconds. 
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Figure 2.—The Zahn cup maintains 
control viscosity during produciion. 


looped wire handle which ther- 
mometer attached. The operator 
holds the Zahn Cup loose wire 
ring passed through the upper end 
the handle and the cup hangs vertically. 


lowers the cup into the liquid 
being tested and leaves there long 
enough for the thermometer adjust 
the temperature the liquid, get- 
ing simultaneous temperature reading 
the test sample. Then raises the 
cup out the liquid carefully and, 
with stop watch, measures the time 
for the material drain from 
the cup. 


The reading the watch con- 
verted means table give the 
value the viscosity the sample 

Refractive Index 


The refractive index lacquer 
varnish the expression mathe- 
matical ratio. based the rela- 
tionship two angles, one between 
the surface sample and ray 
light striking it, and the other between 
perpendicular the surface and the 
degree which the ray light bent, 
refracted, when passes into the 

Rays light are always bent when 
they pass from one 
into another different refrac- 
index. The amount bending 
always the same for given material 
one temperature, and the test 
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made record this identifying char- 
acteristic, 

The operator uses 
Refractometer, Figure recommended 
ASTM, measure refractive index. 
places drop the liquid sample 
between faces pair prisms 
the apparatus. Light from focusing 
lamp reflected mirror into the 
first prism, then through the sample 
material into the second prism; from 
there, the light passes through second 
pair prisms, compensating for color 
changes the light, and through 
telescope eyepiece the eye the 
operator. Because heat affects refractive 
index, the temperature the sample 
controlled water flowing through 
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Figure 3.—Light passing through the prism 
system and droplet the sample the 
refractometer focused eyepiece get 
sharp image. Movable arm with eyepiece 
left positions the light the instrument 
and gives the value the refractive index 
arc-shaped scale. 


the instrument around the first pair 
prisms outlet. 

The operator looks through the eye- 
piece the image which appears 
light upper field and dark lower 
field. makes any necessary adjust- 
ments for color change moving 
collar below the eyepiece, then moves 
arm the side the prism assem- 
bly bring the edge the dark field 
the intersection diagonally- 
mounted cross hairs. 
scale above the adjustment arm gives 
the refractive index the sample 
the temperature indicated 
mometer set into the instrument. 

reporting results the test, the 
amount color correction noted, and 
calculation made from the reading 
the refractive index scale and the 
thermometer, give the refractive in- 
dex the sample standard tempera- 


Figure 4.—The position the needle 
the scale the center the larger box 
gives direct reading the glass value 
dried film sample coating the 
glass slide placed the unit right. 


Gloss Value 


Gloss value measure the re- 
flective power the film coating 
material. The beauty cabinet woods 
enhanced the use clear, smooth 
finishes which give depth and clarity 
their grains and patterns. However, 
the surface the finish too 
smooth, will reflect illumination 
glary high lights which hide the beauty 
beneath them. 


The reflective power the film 
somewhat mechanical characteristic, de- 
pending upon the smoothness its 
surface plane. The gloss value flatted 
varnishes reduced because 
the surface plane broken protrud- 
ing particles silica gel other 
flatting agent added them. 


The gloss value flatted lacquers 
and varnishes and rubbed surfaces 
Photcelectric Glossmeter, Figure The 
instrument consists search unit and 
sensitive meter. the search unit, 
beam light directed against the 
sample being measured, Light reflected 
from the sample redirected 
photoelectric cell connected the 
meter. The scale the meter gives the 
reflective power the sample rela- 
tion standard surface. 


prepare for the testing gloss 
value, the operator scribes two areas 
the back glass slide and measures 
the thickness glass surrounding the 
areas. flow coating the sample 
applied the slide and allowed dry 
for week. Then the tota! thickness 
the slide and the film surrounding 
the two areas measured and the 
thicknesses film each area inter- 
polated from mathematical average 
the measurements. Then the opera- 
tor flows coating black lacquer 
the back the slide prevent stray 
light from affecting the results the 
test. 
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When the slide ready, the opera- 
tor standardizes the reading the 
polished black glass supplied with the 
instrument. Then, places the slide 
bearing the sample the search unit 
that the beam light strikes one 
the measured areas, Even minute 
fluctuations the voltage supplied 
the search unit produce error the 
reading. Therefore, the operator makes 
readings the gloss value each 
the measured areas, restandardizing 
the instrument between each reading. 
The operator makes mathematical 
calculation, including 
and the average the readings taken 
each the two areas, get the 
gloss value reported for sample. The 
test indicates whether the sample suf- 
ficiently flatted remove unwanted 
gloss whether contains much 
flatting agent that hazy. 

The gloss flat finishes should 
approximately the same that 
000 pumice rubbed finish which has 
value about 36.5 the gloss- 
meter scale. 


Settling, Compacting 


The settling and compacting the 
solid particles finishing material 
occur, least some degree, when- 
ever the material stored. The com- 
nounced the cases flat lacquers, 
sealers, flat varnishes, and fillers, 


The tests the settling and com- 
pacting characteristics sample pro- 
vide information which receives prac- 
tical application when the material 
prepared for use production. These 
tests indicate the amount agitation 
needed redisperse the ingredients 
which has been stored before the mate- 
rial can used the plant. They can 
used also discover the maximum 
storage life materials, such flat 
varnishes, whose ingredients settle out 
and compact thoroughly they cannot 
redispersed. 


4-ounce oil sample bottle filled 
with the sample under test and allowed 
stand without agitation for seven 
days. The settling which has occurred 
then noted; may vary from ap- 
parent settling several layers mate- 
rial which have separated. For the test 
record, the amount settling ex- 
pressed terms the measured 
height the contents the bottle 
relation the height the material 
settled out. 

The lower layers contain the material 
which has become more compact during 
the settling period. redisperse this 
compacted material, the operator inverts 
the bottle and rights again until all 
the material back suspension, 
the test record the degree compact- 
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Figure 5.—Metal rims Sward Hardness 
Tester rock back and forth sample. Bub- 
bles tubes mounted each side indicate 
testing period during which the rockings are 
counted. 


ing expressed terms the num- 
ber successive inversions the 
sample bottle necessary completely 
redisperse the ingredients the sample. 


Surface Hardness 


The surface hardness lacquer 
varnish one the characteristics 
which enables resist penetration 
abrading particles and maintain its 
appearance. The Sward Hardness 
Rocker, Figure one the instru- 
ments used measure the surface hard- 
ness finishing materials and, though 
its results are modified the smooth- 
ness dried film the sample, 
widely accepted giving reliable 
index the unyielding nature the 
surface, 

The instrument consists pair 
narrow, chromium-plated steel tires 
mounted parallel each other they 
can roll along their edges. weight 
and pair bubble tubes mounted be- 
tween them below their center 
gravity make the instrument rock back 
and forth, once set into motion. 

The instrument’s operation based 
upon the same principle that makes 
rocking chair easier use wooden 
floor than soft harder 
the film surface, the more times the 
instrument will rock because given 
force. 

The bubble tubes between the tires 
are set angle each other and 
marked their midpoints indicate 
how far the instrument should 
rotated begin its motion and how 
long the oscillations should counted 
during test. 

The operator makes the hardness test 
film the sample flow-coated 
slide and allowed dry for one 
week, The instrument set the mid- 
section the slide, rolled the required 
distance, and allowed begin rocking. 
The operator counts oscillations from 
the time the bubble just fails cross 
the line one tube the time the 
bubble fails cross the line the 
other tube. 

Flatting not thought soften the 
physical hardness material, but the 


rocker gives varying results compara- 
tive tests flat and glossary materials, 
Therefore, the cases flat lacquers, 
varnishes and sealers, the hardness 
test made film from portion 
the sample clarified the centrifuge. 


Specific Gravity 


The specific gravity finishing 
material expression its weivht 
per unit volume particular temper- 
ature, compared the weight 
equal volume pure water 
temperature, 

company with other information 
learned the series tests 
new material, the measurement 
its specific gravity helps fill out 
plete picture the nature the 
stance. The result this test serves 
identify the material 
gravity individual characteristic 
material. addition, the value 
specific gravity used plant 
ants calculate the cost per gallon 
those finishing materials purchased 
weight. 

The two main items apparatus 
measure the specific gravity 
quers and varnishes are 
small, tapering, glass flask which 
bent, capillary neck projecting from 
one side and stoppered specially- 
designed thermometer, and analytical 
balance sensitive 0.1 milligram. 

The operator fills the pycnometer with 
the sample, closes it, and wipes clean. 
The pycnometer then placed 
water bath and its temperature adjusted 
20° the standard temperature used 
for laboratory measurements. 
tube filled with additional amount 


Figure 6.—When the sample-filled 
this weight with the weight 
volume water 20°C. gives value 
specific gravity the sample. 
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the sample inserted the capillary 
supply the contents the flask 
contracts while cooling. When the 
thermometer the pycnometer indicates 
20° the operator removes from 
the water bath, Figure cleans again, 
the neck with its special cap, and 

mathematical calculation, which in- 
cludes the water capacity the glass 
20° gives the weight per 
the sample the pycnome- 
This value, compared with 
known weight water contained 
the pycnometer 20° gives the spe- 
gravity the sample standard 

When samples nonviscous and 
volatile materials such alcohols, naph- 
thas and preformulated solvents are 
processed Chain-o-matic Specific 
Gravity Balance used. This balance 
measures the loss weight due the 
buoyancy calibrated glass plummet, 
suspended from one end the balance 
beam fine platinum wire, while im- 
mersed the sample. The physical the- 
ory involved that any solid object— 
this case the plummet—weighs less 
when immersed liquid much 
the weight the liquid displaced. 
The balance calibrated that the 
taken from the balance equal 


the specific gravity the material under 
test. 


Hellige Color 


common nature their ingredi- 
ents gives amber hue all lacquers 
and varnishes. The Hellige color test- 
ing apparatus measures the relative in- 
tensity their amberness means 
their ability transmit light. 

This test used all new materials 
and has become increasingly important 
since the production blond finishes 
has made the use 
lacquer more desirable. 

The testing apparatus used com- 
pare the color intensity sample with 
the color intensity one perma- 


Figure matching light passing 
through tube filled with sample with 
light passing through tube water and 
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nently tinted amber glass filters grad- 
uated intensities. The apparatus 
plastic box containing two glass vials 
and disk which holds the filters. 
section ground glass the back 
the box allows light pass through the 
vials which are seen through holes 
the front. 

One the vials permanently filled 
with distilled water. The operator fills 
the other vial with the sample finish- 
ing material. the sample contains pig- 
ments, cleared use the centri- 
fuge before testing for Hellige color. 

The operator places the sample-filled 
vial beside the water-filled one the 
box. Then holds the box front 
strong light where can compare 
the intensity the light passing 
through the two vials, Figure 
rotating the disk the box places 
filter front the distilled water 
which passes about the same intensity 
light the sample. The number 
identifying that filter reported the 
Hellige color the sample. 

The acceptable color limit 
Hellige scale. Ordinary lacquers are 
about and ordinary varnishes 
run about 11. 


Figure 8.—A small portion 
placed evaporation dish from pipette 
bottle, weighed determine amount, dried 
laboratory oven get solids content. 


Solids Content 


The solids content coating mate- 
rial essentially the amount which 
remains film after drying. The vola- 
tile solvents, needed for the solution 
and application the solids, disappear 
into the air during the period drying. 

The operator the test pours some 
the sample into pipette weighing 
bottle, measures and records its loaded 
weight, then repours small amount 
the sample from the pipette into pre- 
weigher aluminum drying dish, Figure 
rotates the dish spread the 
sample evenly over its bottom, then 
places into ventilated drying oven. 


determines the amount material 
placed the dish reweighing the 
pipette bottle. 

The dish remains the oven hours. 
Then removed, allowed cool, 
and The weight recorded 
and the dish returned the oven, 
commencing series i-hour heating 
and reweighing When the 
weight loss during hour becomes one 
milligram less, the material 
considered free solvents. The weight 
the residue, compared with 
weight liquid poured into the dish, 
reported the percentage solids 
the sample. 


Solids Centrifuge 


The solids which can separated 
from sample use centrifuge 


Figure 9.—The solids sample are 
separated from the vehicle spinning 
glass tube the centrifuce. Both the 
solids and vehicle are measured, then are 
used the determination for ash residue. 


are nonsoluble pigments added the 
finishing material for special purposes 
such flatting sanding. They amount 
total solids content, which in- 
cludes the dissolved film-forming resins 
and modifiers. These stay solution 
unaffected the centrifuging action. 


The amount centrifugable solids 
corresponds closely the ash residue 
the sample, except for variations be- 
tween the two which depend upon the 
presence absence soluble silicon, 
mineral driers, and combined organic 
matter. 

The operator places weighed portion 
the well-mixed sample into weighed 
vial which then 
oughly, with intermittent inspections, 
Figure until the sample becomes sep- 
arated into two distinct layers, the upper 
one which perfectly clear. The 
operator pours the clarified vehicle from 
the top the vial into weighing 
bottle where saved for further work. 
The insoluble pigments compacted 
tightly the bottom the vial are 
not disturbed its removal. 
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The operator washes the compacted 
pigments with several applications 
suitable solvent, stirring them together 
thoroughly. The centrifuging action 
repeated, and the washing liquid poured 
off and discarded. This process car- 
ried until the solids are completely 
free all soluble vehicle. 

The vial then dried oven for 
sufficient length time drive off 
all remaining solvent, after which 
weighed. The weight and percentage 
this residue are computed and the oper- 
ator notes the color, texture, and other 
particulars appearance the dried 
pigments. 

weighed crucible, and redetermines this 
quantity. ignites them carefully over 
Bunsen burner under the exhaust hood 
where watches their performance and 
the nature the flame and smoke for 
indications their composition. The 
crucible and its contents are then placed 
the electric furnace and, when ashed, 
the amount and percentage the min- 
eral residue are computed. The same 
treatment followed with the clarified 
vehicle. 

When this phase the work com- 
pleted, the operator combines 
formation with that obtained from the 
ash residue determination. 
data the two tests, able learn 
the nature the parent compounds 
used pigmenting the finishing mate- 
rial. 


Ash Residue 


The ash residue the sample the 
total its incombustible matter which 
can recovered after burning. The de- 
termination made discover the 
amount inorganic material included 
the pigments sealers, flatted lac- 
quers and varnishes, and get indi- 
cation their chemical nature. serves 
means identifying the sample 
and gaining understanding the 
reason for its performance other tests. 

carry out the ashing process, the 
operator ignites weighed portion 
the well-mixed sample weighed 


Figure 10.—A rack panels goes into 
the oven for the first phase cycle test 
for resistance cold check sample 
coatina. 
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Figure 11.—Next panels are placed 
refrigerated cabinet for cold phase. When 
chilled hour, panels are removed and 
inspected. 


porcelain crucible, first with open 
flame under the exhaust hood, and 
finally electric furnace. The cooled 
crucible with the residue reweighed 
and the amount and percentage the 
residue calculated. 

observing the color, texture, and 
general appearance the ash, and 
the use simple chemical treatments, 
the operator finds the mineral compo- 
nents the ash residue, which indicate 
the possible nature the pigments ac- 
tually present the sample. This infor- 
mation tabulated and correlated with 
the findings obtained later the deter- 
mination solids centrifuge. 


Cold Check Resistance 


“Cold Checking” the term applied 
the cracking which frequently appears 
cabinet finishes exposed extreme 
cold alternate warming and chill- 
ing. Both conditions may threaten the 
finish cabinet during storage, ship- 
ping, use the customer. Although 
the cracks are extremely fine, they are 
permanent fractures, and passageways 
for moisture, oil, and molds which may 
later ruin the appearance the cabinet. 

order know the cold checking 
resistance sample, panels prepared 
with are subjected two tests. The 
first examines its ability withstand 
cycles alternate warming and chilling; 
the other examines its ability with- 
stand increasingly colder temperatures. 

The cycle test, tentatively endorsed 
ASTM, accelerates the wearing-down 
the cold checking resistance the 
sample film each period heat drives 
off some the semivolatile plasticizers. 
panels inches square prepared with 
built-up finish system including 
sample. After aging one week from 
preparation, the panels, set edgewise 
rack, are placed oven, Figure 10, 
for 1-hour exposure 120° the 
end the hour, the rack pdnels 
Figure 11, where remains for another 
hour. Fans circulate air around the pan- 
els both cabinets. 


the end the second hour, the 
panels are inspected viewing them 
from close strong light which 
strikes the panels acute angle. 
the finish panel shows checking 
(small cracks running slight angle 
the grain the wood), Figure 12, 
this fact noted the report the 
sample and the panel removed from 
the test. 

The remaining panels are returned 
the oven, repeating the cycle the 
test until the finish each panel 
shows failure, until cycles have 
been completed. The total number 
cycles through which sample 
the test value sought, with 
formance each the three 
being reported. 


Figure 12.—Pencil points the line 
cold check this frosty panel. 


The method testing samples for 
cold checking, progressive depres- 
sion their temperature, yields 
valuable cross-check their resistance. 
Furniture varnishes usually fail one 
the early cycles the warm-chill 
test, presenting results which cannot 
easily compared. Some lacquers with- 
stand the cycles the first test, but 
that information does not indicate the 
resistance the sample single 
exposure extreme cold. 

For this test, the operator places an- 
other panels, coated with the sample 
and associated sealers and undercoaters, 
rack the refrigerator set 
35° F.. the end hour, 
checks have occurred, the refrigerator 
set for its lowest temperature, about 
temperature drops, the operator records 
the reading thermometer placed 
with the panels and inspects the 
the operator sees checks, which 
this test occur nearly right 
the grain the wood and are 
visible, returns the panels 
refrigerator, working rapidly pos- 
sible minimize the warming 
handling and room temperature. 

The test continues until the 
crack observed each panel. 
temperatures which the sample first 
checks each the panels are re- 
ported the range the cold check- 
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Figure 13.—Operator places weights 
panel the humidity box. The g.ass disks 
ond paper distribute the loads evenly over 
the area the sample-coated surface under 
test. 


ing resistance the sample. Finishes 
which check above —20° are usually 
considered poor this respect. 


Print Resistance 


The degree hardness print re- 
equivalent the measure its load- 
bearing strength. The ability the 
finishing material cabinet resist 
taking prints objects resting upon 
its most important practical 
characteristics. 

Because the built-up finish system 
must hard enough withstand the 
applied during the stor- 
age, shipping, and ultimate use the 
cabinet and still present unmarred 
appearance, this measurement made 
when the film subjected conditions 
high temperature and humidity rep- 
resentative the most unfavorable 
likely occur during the normal life 
the finish. 


ultimate use, the finishing mate- 
rial must perform satisfactorily 
wooden cabinet. However, because 
many immeasurable factors enter into 
panel, this test conducted both 
glass slides and prepared wood panels 
coated with the sample material. 


14.—Finish this panel exhibited 
very poor resistance printing evidenced 
spots fiber the surface. 
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samples glass and wood are 
exposed humidity box for hours 
conditions 110° heat and 
percent relative humidity. The operator 
then covers the films with sheet 
soft-finish paper equalize the pres- 
sure the area covered each test 
weight, the paper-covered wooden 
panel the operator places glass disks, 
which give uniform pressure areas, and 
loads them, Figure 13, beginning with 
the second disk, with series 
weights. The pressures applied the 
surface the disks range from 
1.142 150 pounds per square foot. 
areas one-mil thickness the 
paper-covered coating glass, which 
have been measured micrometer, 

laces series aluminum and brass 

locks, giving range pressures 
from one 225 pounds per square 
foot. 


The test contiuues for hours 
while the samples remain exposed 
the extreme conditions. the end 
the test period, the operator removes 
the weights and paper and inspects the 
samples determine the print resist- 
ance the films. the film became 
tacky, fibers the paper remain the 
film where the pressure was greater, 
Figure 14; the film softened, impres- 
sions remain the sufficient hardness 
resist the pressure, print remains 
the film. When the operator records 
the degree print resistance the 
sample, notes also other important 
characteristics, such hazing, which 
may have occurred during the severe 
conditions the 

minimum print-resisting ability 
pounds per square foot 
regarded acceptable performance 
for finishing material tested the 
humidity box. 


Film Formation 


The setting dust-free period, the 
tack period, and the drying period 
film finishing material are terms 
used designate apparent stages the 
progressive formation the film. 
When particular lacquer varnish 
least two these three stages has 
important practical value. 


Setting Period: The Singer Labora- 
tory measures the setting period 
samples new materials only, because, 
especially lacquers, the time 
short that not serious conse- 
quence. coating the sample 
flowed onto glass slide, Figure 15. 
regular intervals, the operator the 
test drops small amount Fuller’s 
Earth upon the film, Figure 16, taps 
the underside the slide slightly, 
distribute the load, then inverts the 
slide and taps again dislodge loose 
dust, Figure 17. When the film has 


Figure 15.—Timing the film-forming 
period begun when sample flowed onto 
slide full, even coat. 


Figure 16.—Using micro-spatula, the 
operator places small amount 
Earth dust the wet film. 


Figure 17.—Then knocks excess dust 
off inverted slide tapping its edge with 
rubber mallet. 


dried, wipes any remaining loose 
dust from the slide. computes the 
setting period the sample the time 
from the application the film the 
time when dust does not imbed itself 
the film, indicated the dust 
which remains the slide. 


Tack and Drying Periods: 
compute the tack and drying periods 
sample, the operator flows coat- 
ing the material onto another glass 
slide, Figure 15. suitable intervals, 
places quarter-inch disks filter 
paper the film successive 
pressing disk firmly place, 
Figure 18. When the film dries the 
point that disks longer adhere it, 
the operator removes the disks has 
applied, working back from the one 
last applied the disk too firmly im- 
bedded the film pulled off, 
Figure 19. 

The tack period the time from the 
application the film the time 
when the first disk was applied which 
shows loss its paper fiber upon 
removal. The drying period the time 
from the application the film the 
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Figure 18.—Operator presses paper disks 
firmly onto sample film slide. 


Figure 19.—When disks pressed onto film 
will not stick, operator removes those has 
applied, then records time elapsed from 
pouring sample onto slide application 
disks that left fibers 
the film give the tack and drying times. 


first time the disk-applying pressure 
made minimum impression the 
film. 

Because these periods are affected 
the thickness the film, 
slide, measured micrometer, coated 
with the sample the same time 
the slide upon which the disks are 
placed. After week drying time, 
this slide measured again find the 
thickness the dried film. 

The operator, assuming that the films 
both slides would the same 
the first had remained undisturbed, may 
then compare the two slides and com- 
pute the tack and drying periods 
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Figure 20.—Abrasive falls from funnel 
top the apparatus through the tube onto 
the lighted portion the sample film 
the slide, there into can bottom. 


the sample terms standard film 
one-mil thickness. 


Abrasion Resistance 


ance the dried film finishing ma- 
terial another the important prop- 
erties which determines its permanent 
value surface protector and beau- 
finished cabinet. The many 
kinds abrasion which cabinet 
subjected after leaves the plant could 
neither completely included test 
process 
However, the test used measure 
wearability performed directing 
stream falling granules stand- 
ard abrasive upon measured thickness 
dried lacquer varnish film. Re- 
sults are compiled terms the 
amount abrasive needed wear 
through the film. 

flowed onto glass slide and allowed 
dry for days. Then the operator 
places the prepared slide into the test- 


Figure 21.—The bright pinhole 
shows the abrasive has worn through 
and test complete. 


ing apparatus cm. below the 
reservoir for the abrasive 
mirror reflects light upon the back 
The operator pours Alundum 
granulated abrasive near the 
mond hardness, into the reservoir, 
one kilogram time, and watches the 
lighted portion the slide the 
sive falls upon it, Figure 20. When the 
film worn through, bright 
light appears, Figure 21. Seeing this, 
the operator stops the flow abrasive 
and weighs the amount abrasive used. 
compares this weight with the 
earlier-measured thickness the film 
that point. The test repeated get 
two readings closely 
terms the resistance the film 
thickness the quantity abrasive. 


Film Thickness 


The thickness the film made 
finishing material related most 
its other practical characteristics for 
which tests are made. For instance, film 
thickness must known understand 
and calculate properly the results 
examinations the abrasion resistance, 
print resistance, cold checking, and gloss 
value sample. Production depart- 
ments must able know they are 
applying enough finishing material 
cabinets and panels. 


Micrometer: For analytical 
poses, the thickness dried film 
All films test materials coated 
glass are measured this 

When checks are made 
determine the dry-film 
strips cellophane are attached 
panels tested. When the 
have been coated and are dry, the 
are removed and micrometer reading 
taken. This the most accurate 
convenient method obtaining the 
film thickness production items. 


Elcometer: 
other instruments are used 
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Figure 22.—The elcometer gives direct 
reading the thickness dried coating 
the steel plate taped the test panel, 
using the ability measure the 
reluctance the coating the 
field between two contacts its base. 


film thickness finishing materials. The 
Elcometer, Figure 22, measures dry-film 
thickness, either built-up finish sys- 
tem single component the 
system. employs the principle re- 
sistance magnetic attraction and the 
test film applied spray roll 
small steel plate taped regular 
wooden cabinet panel. 

After the coating has dried, the oper- 
ator removes piece tape from the 
plate expose uncoated metal. 
places the contact points the Elcome- 
ter against the steel and adjusts its scale 
reading zero. Then places the 
meter against the coating over the metal 
and the scale reading indicates the thick- 
ness the film directly mils. The 
tative the film the remainder 
the panel. make tests the thick- 
nesses additional coats, the operator 
replaces the tape the steel and 
peats the coating-measuring operation. 


Pfund Gage: The Pfund Gage 
used production measure the thick- 
ness wet film finishing material 
applied panel. The instrument con- 
sists slightly convex lens, spring- 


Figure 23.—Spring-mounted central barrel 
the Pfund Gage which holds convex 
‘ons pressed down into the wet film surface 

production coated panel. 
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Figure 24.—Operator measures diameter 
the film—wet spot the lens, uses the 
figure read thickness the coating from 
table. 


mounted chromium-plated barrel 
that may depressed vertically into 
the wet film. the operator presses 
the instrument into the film the sub- 
strate, Figure 23, the liquid spreads out 
along the curve the lens covering 
area. measures the diameter 
the circle the lens, Figure 24, and 
computes film thickness means 
table. 

correlation exists between the thick- 
ness wet and dry films the same 
finishing material and the operator can 
find this correlation the use the 
Elcometer and the Pfund Gage. Later, 
when wants know that enough 
the given finishing material being 
applied production, can measure 
wet film thickness instantaneously with 
the Pfund Gage and find how much 
protective finish will remain when the 
volatile ingredients the lacquer 
varnish have evaporated. 


Discoloration 


The instrument used for discoloration 
tests the Atlas Fadometer. Specimens 
exposed the light are placed 
black-lined white paper masks holders 
hung circular rack which revolves 
around the light, Figure 25. Normal 
exposure times test are 24, 18, 
and hours. Four perforated sections 
the paper mask can removed suc- 
cessively make the desired exposure. 
control area between the second and 
third sections allows the sample re- 
tain its original color for comparison 
purposes. 

Samples coating materials are ex- 
posed separately and combination 
both wood and glass slips, Figure 26. 
This multiple testing needed because 
some undercoats which may fade 
show color change when tested alone 
will discolor during exposure when 
coated. Also, though desirable 
see the complete finish wood, color 


Figure 25.—Paper masked samples are 
placed metal holders, labeled and hung 
rotating circular rack for graduated pe- 
exposure strong, discoloring light 
from electric arc center. 


Figure 26.—Pieces sample-coated wood 
and glass, removed from protective paper 
masks, show degrees fading and discolo- 
ration caused ultraviolet are light. 


changes the coating materials are 
more easily noticed the clear glass. 

This study color-stable finishes also 
reaches beyond the sale the cabinet 
the continuing quality its appear- 
ance the customer’s sewing room. 
The Company’s purpose find 
combination color-stable finishing 
materials which possess the more im- 
portant qualities that make tough, 
durable film protect and beautify the 
surface. 


Color 


For each the darker 
ishes, such mahogany, walnut, and 
red maple, special blend color 
added the wood the form 
stain bring out its native beauty. 
order prevent unattractive 
tions the colors cabinets and cab- 
inet parts, the color the stain applied 
must held close possible 
standard color for each type wood. 

For this purpose, judgment the 
eye against reliable standard com- 
parison accepted the most practical 
way defining the color sample. 
this test, sample compared with 
either permanent color which 
may identified, with accepted 
stain known performance. 

The permanent color identification 
makes use the system color defini- 
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tion described Maerz and Rea 
Paul their book, Definition 
Color, Book Co., 1930. 
The book contains color plates 
which eight sets colors are graduated 
small solid color blocks through 
steps grayness from pure color 
point where differences 
guishable. The total 1,008 different 
gradations color defined the 
Maerz and Paul system allows ample 
opportunity make positive, perma- 
nent identification sample. 

conduct the test stain, the 
beakers. The first holds quantity 
the stain full strength supplied 
intended for use. The second and 
third beakers contain the stain diluted 
fifty percent and twenty-five percent 
full strength. The dilution made 
because undertones color cannot 
seen the pure stain. 

The operator dips 2-by-3-inch strips 
white filter paper into each stain 
solutions immersing about two-thirds 
each strip. Then hangs the strips 
their clean ends. When they are dry, 
punches quarter-inch hole the 
stained end each strip. 
first the strip stained full 
strength, the operator turns ap- 
color book and lays the strip 
that the hole lies over one the color 
blocks the page, Figure 27. 
moving the strip from block block, 
selects the one which closest 
the stain color grayness and hue. The 
selected color book identified the 
plate number, Roman numeral; column, 
capital letter, and row, Arabic numeral. 
This information recorded the 
report and the unstained end the 
paper slip, which can then filed with 
its permanent color identification. The 
operator repeats the procedure with the 
other two stained slips 
their identifying colors. 

comparison between sample 
and adopted stain desired, the 


Figure identification 
hue and tone sample made com- 
paring the color stained paper slip 
with that indexed section standard 
color plate. 
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operator immerses strips filter paper 
into full-strength solutions each 
the stains, lets them dry before, and 
punches quarter-inch hole the 
stained end each laying one 
strip over the other, the operator can 
see the color the lower one through 
the hole the upper. then de- 
scribes the differences similarities 
grayness and hue between them and 
records them the report. 


The test also applicable such 
finishing materials colored fillers, 
paints, and pigmented lacquers. These 
are flowed brushed onto sheets 
non-absorbent white paper and iden- 
compared when dry, the 
same manner stains. 


Evaporation Rate 


The solvents combined stain 
determine its rate evaporation, con- 
trol the penetration the stain into 
the and are responsible for the 
effect the stain the surface grain 
the wood. 


The stains used South Bend con- 
tain solvents non-grain-raising 
variety. The mixture solvents used 
percent water, percent methyl 
alcohol, and percent ethyl cellosolve. 
The water used insure the solu- 
tion the dye powders the stain; 
the alcohol hastens evaporation and 
raising the grain the wood, 
and the cellosolve controls the evapora- 
tion the other two solvents pene- 
tration assured and residue the 
stain left unused the 

The operator observes, means 
this test, the time required for the 
solvents drop the sample stain 
evaporate. can also used test 
solvents alone. places disk 
filter paper small square 
clean glass and, means glass 
tube, allows drop the sample 
fall upon the disk. When the drop 
stain touches the paper, the timed 
period begins. 

The square glass inverted and 
placed top can, open both 
ends and raised from the table 
stand. The corners the glass rest 
the lip the can and the paper disk 
remains attached the underside 
the glass the moisture the stain. 
Supported this manner, 
soaked disk has free access the air 
but protected from drafts which 
might affect the value sought. 


The operator watches the appearance 
the disk through the glass, Figure 
28. When the solvents evaporate, the 
disk loses its wet gloss, and the opera- 
tor stops the watch. runs test 
ten times and averages the resulting 
values, then repeats the test using 
stain known performance 
ceptability. The two results are com- 


pared get the value the evapora- 
tion rate. 


Water Resistance 


One the most obvious and, for 
that reason, most serious failures 
furniture finish its tendency 
whiten when exposed water. 
fore, the water immersion test, one 
the simplest performed samples, 
one the most important. 

The standards for finishing 
used Singer cabinets require 
lacquer varnish which will not 
whiten under normal exposure 
The allow the use 
rials which whiten under abnormal 
posure water but which recover 
clarity within the limits the 
period. 


Water Immersion: For the 
immersion test, the operator places 
glass slide, coated one side with 
dried flowed-film the sample, into 
beaker, then pours distilled water 
the beaker until two-thirds the film 
immersed. The remaining one-third 
the film remains dry for 
purposes. 

When the film has stood the water 
for hours, the operator removes the 
fully, and examines it. 
whether not any whitening has 
curred the film, and the nature 
it. The film allowed dry for 
hours. Any film that whitens and docs 
not clear drying unacceptable. 

Water Patch: effort 
bridge the gap between the laboratory 
bench and the customer’s sewing room, 
the water patch test was devised. was 
intended provide means exam- 
ining the effects water sample 
film applied conjunction with other 
elements finish system wooden 
panel. 

After wooden panel has been pre- 
pared with sanding, appropriate 
coaters, and the sample finish, and 
lowed dry for week, the operator 


disk resting the glass. The glass 
inverted and operator times evaporation 
stain with stopwatch, watching paper 
for signs dryness. 
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inches the panel and marks 
line around with wax pencil. 
Then half fills wide-mouthed bot- 
with distilled water, places thick- 


cheesecloth over its mouth, and 


with layer blotting paper. 
inverts the covered bottle and places 
the selected area the panel 
where stands for hours. 

The water soon soaks through the 
paper, wetting the finish, and 
cheesecloth filament allows air 
enter the bottle, compensating for water 
evaporation. 

the end the exposure period, 
the removes paper and bottle, 
and wipes the panel carefully. in- 
spects the extent and nature the dam- 
age with low-power magnifying glass 
and records whether not the finish 
has whitened, swelling the wood 
has opened the finish cracks. Then 
tests the film with knife see 
disadhesion from the wood has occurred. 

The panel then allowed stand 
for another hours and reexamined 
see permanent damage was done 
the water. 


Cracking Diameter 


Another the series observation 
tests the measurement the crack- 
ing diameter supported film 
sample, Although furniture finishes are 
not subjected visible torsion ten- 
sion normal service, has been ob- 
served that the properties the film 
tested this way are related its 
ability resist cold checking. sample 
which lacks the flexibility 
bility withstand being wrapped 
around curve relatively small diam- 
eter, checks easily under lowered tem- 
peratures. 

material such complex nature 
lacquer varnish cannot tested 
easily for one property without the re- 
sults being modified its other prop- 
erties. Therefore, this test, performed 
room temperatures, gives another indi- 
cation the toughness sample film 
under conditions that tend nullify 
hazards some companion properties. 

the test, dried flowed-film 
piece cellophane wrapped firmly 
around the eleven pro- 
gressively smaller glass tubes which 
range size from inches 1/16 
inch, Because some lacquer films not 
crack the smallest diameter, the op- 
erator may fold and crease them, and 
some show failure even then. The 
diameter the tube around which the 
cracking diameter. 


Flow-Out 


Some indication the way lacquer 
varnish will perform production 
gained experienced observa- 
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tion the way flows during the film- 
forming period slide. 

The pours the sample care- 
fully and quickly onto the slide 
overlaps, especially quick- 
drying lacquers. When the slide has 
dried, the operator can observe whether 
such peculiarities curtains, pronounced 
sags, silking, extremes film thickness, 
fat edge formed during 
the drying period. 


Knife Test 


Degrees seftness, toughness, 
chalkiness, and brittleness are discovered 
the operator when tests the film 
with the pointed and rounded ends 
special knife. 

With the aid low-power magni- 
fying glass, inspects the results 
pushing the pointed end the knife 
along the film, noting whether myriad 
tiny chips fly from the film, crumbling 
the film takes place, curling sliver 
cut from the film, the film sepa- 
rates from the glass around the point. 
Then, pushing the rounded end the 
knife along the film, notes how 
resists cutting, pares away from the sup- 
porting glass, breaks away from the 
glass flakes. The variable and com- 
plex nature finishing materials does, 
course, produce many varieties the 
above results which the observer judges 
his satisfaction. 


Blunt Tool 


Brittle films shatter easily under steady 
pressure applied blunt object, and 
mar intolerably when the blunt tool 
moved across their Other softer 
tougher films may resist the pressure 
dent under it, and perhaps show rip- 
ple marks when the tool rubbed across 
them. The tool chosen for this test 
heavy spike, the sharp end which has 
been rounded off nearly smooth 
ball shape about 3/16 inch diameter. 
The operator supplies the pressure 
vertically his fist and 
down its head with his 
thumb. 


Sandiness 


Sandiness, which due particles 
the sample disrupting the smooth 
formation the film, readily visible 
the operator. addition dust 
from the air, which may have became 
imbedded the film during the drying 
period and which can identified 
easily, several other causes may 
blame for the sandiness. 

The film flatted pigmented 
coating material which the solids have 
not been thoroughly dispersed may also 
present sandy appearance, due the 
groups unmixed particles protruding 
above the surface. Materials supplied 
foreign factories are quite often 
this situation. 


Additional Tests 


The following tests attempt pre- 
dict the production properties and prob- 
lems that would involved should the 
materials released for production 
test. These tests will only briefly 
reviewed indicate the properties con- 
sidered for the reason that they are not 
standardized and are conducted, with 
modifications, most factories that test 
materials. 


Stain: The foregoing tests that 
apply stain are: color, evaporation 
rate, and discoloration. 

The appearance all new stains 
checked for several shipments. This 
insure that upon repeated production, 
the clarity and freeness from settled 
particles will not problem. 


The odor always noted. This helps 
acquaint the technicians with the 
stain and the solvents used. 


addition the Color Test 
group two, the stain sprayed the 
wood used with. One-half 
that sample coated with lacquer and 
comparisons are made. drop stain 
placed water-moistened filter 
paper and observation the color 
separations the stain spreads out 
made. 


relative measure the penetration 
filter paper, measure the length and 
width the dried area and take the 
average several When spraying 
panel, observe the amount 
bronzing. Wipe the hand across dried 
panel and notice the material left 
the surface. 


Filler: When reduced the re- 
cut and allowed stand for 
ays, the amount settling and the 

ease with which will return sus- 
pension considered. 

Unreduced filler from the supplier 
for its package life and 
properties. 

The skinning fillers ex- 
pected the skinning times test 
filler are compared those known 
filler. 

The color filler checked 
paper and feathering out. When dry 
and checked, the filter paper sample 
may filed. The color checked 
the wood intended for its use and its 
reaction under the top coats observed. 

The time required for flash and dry- 
ing dependent atmospheric 
conditions that only general 
are drawn from laboratory tests. Tests 
are made glass and wood. 

The filling characteristics are tested 
determine the ease towing, the 
ability the filler break off level 
with the pore, how long the filler can 
remain the surface before towing, 
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and how clean wipe-up can assured. 
Open pores, pinholes and unfilled areas 
are checked after filling, after drying 
and after lacquer topcoats. 


When the dry filled panel coated 
with sealer, puffing and any correspond- 
shrinkage are noticed. The degree 
puffing, the length time required 
for the filler level, and any shrinkage 
are considered with respect the atmos- 
phere, performance with different top- 
coating materials and the performance 
with fillers known properties. 


The odors and other undesirable 
properties such smarting the hands 


difficulty cleaning the hands are 
looked for. 


All fillers are checked for discolora- 
tion the Atlas Fadometer, uncoated 
and coated, glass and wood. 


Sealer: The properties the first 
two groups that apply sealers are: 
abrasion resistance, ash, blunt test, color, 
compacting, drying, discoloration, flow- 
out, viscosity, refractive index, sandiness, 
settling, solids-centrifuge and content, 
specific gravity. 

The sealer sprayed under standard- 
ized conditions and its flow, tendency 


Evaluation Floor Finishes 


sag run, and fill the pores are 
noted. 

The sealer’s effect previously ap- 
plied materials such filler puffing, 
bleeding the stain, any change 
color, when compared with sealer 
known properties, noted. 


The sanding properties and adhesion 
both the wood and the effect 
part finishing system (under lac- 
quer) are checked. 


Lacquer: addition the tests 
conducted sealers, cold checking, 
cracking diameter, gloss, hardness, print 
resistance, and water resistance tests are 
made. 


The spraying test conducted for 
sealers made and for lacquer rub- 
bing test made. The slip drag, speed 
cutting, ease wipe-up and final 
clarity are checked. 


Toner: Upon receipt, toners are 
checked for package stability. The 
amount settled pigment and the ease 
with which returned suspension 
are noted. 


The material sprayed the wood 
for which the toner intended. Any 
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Manager, Research Laboratory, Timber Engineering Company, Washington, 


Laboratory test methods for evaluating commercial floor ma- 
terials suitable for use maple, beech and birch fioors are sum- 
marized. Twelve tests are used screen such materials assure 
adequate product performance and customer satisfaction with the 
finished floor. The requirements are generally accepted the fin- 
ishing industry and test procedures are taken, insofar possible, 
from accepted standards and specifications. Tests described include 
Resistance Liquids, Skinning Resistance, Drying Properties, Waxing 
Properties, Clarity and Color Finishing Materials, Non-volatile 
Matier, Flash Point, Hardness, Viscosity, Elasticity, and Abrasion 


Resistance. 


Introduction 

TIMBER Engineering Company 

Research Laboratory the official 
testing agency the Maple Flooring 
Manufacturers Association for the eva- 
commercial floor finishes iri 
accordance with 
The tests described this article have 
been designed permit the use the 
widest scope suitable materials that 
are the market today which may 
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appear from time time. The require- 
ments generally accepted the 
finishing industry and the procedures 
have been taken, insofar 
from accepted standards 
tions. The tests are revised periodically 
and are not considered entirely satisfac- 
tory all respects, but they are felt 
reasonable screening standards which 
are practical for most finish manufac- 
turers mect. 

The specifications have been com- 
piled the Timber Engineering Com- 
pany conjunction with the Maple 


evidence mottling, streaking, inade- 
quate flow out crawing looked for. 

toners differ purpose, their 
opacity transparency compared with 
materials known performances, and 
with respect its contribution the 
final finish. 

the toner requires sanding, 
given this test. 

The action filler known 
formance applied over the toner and 
the effect filling and the ease 
wipe are noted. 


Glaze: Upon receipt the mate- 
rial, settling and skinning are 

Color comparisons are made 
those for filler. 

The principle properties 
tention are the ease with which 
glaze wiped and its blending 

The length time required for 
ing and the effects the lacquer 
the sealer are also noted. 
have the tendency reduce 
this property tested. 


Reducers: Reducers are generally 
tested only for 
tests are specific gravity, color, 
and the distillation range. 


Flooring Manufacturers Association for 
use with finishing materials ap- 
plied maple, beech, and birch floors. 
When submitted finishing material 
passes the standards set forth, 
placed approved list issued 
the This seal approval 
used the manufacturer for 
tising purposes. 

The specifications have been 
oped for the protection the con- 
sumer and aid the manufac- 
turer formulating serviceable 
ucts. They consist twelve tests cov- 
ering (1) Resistance Liquids, 
Skinning Resistance, (3) Drying Prop- 
erties, (4) Waxing Properties, (5) 
ity Finishing Material, (6) 
the Finish, (7) Nonvolatile 
(8) Flash Point, (9) Hardness, 
Viscosity, (11) Elasticity, and 
Abrasion Resistance. (2) 

two basic types floor finishes 
nized the Maple Flooring 
turers Association. Heavy-Duty 
Finish covers penetrating materials used 
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typically applications; 
Type Finish formulated 
sist the type wear typical that 
gymnasiums. Nine the 
twelve tests have exactly the same 
for approval for either type 
finish, However, the Gymnasium 
Finish requires higher solids 
(40 per cent minimum com- 
per cent), permits some- 
viscosity, and requires 
resistance abrasion. (Taber 


Resistance Liquids 


The purpose this phase the 
evaluation determine whether the 
finish resistant water room tem- 
perature, alcohol, and solvent naphtha. 

Resistance water conforms 
method Federal Specification 
(1). coat the 
finishing material applied 31- 
gauge tin plate measuring 5”. 
After drying for period hours 
temperature between 70°F and 
90°F, the plate panel immersed 
approximately 2.5 inches water. The 
end the panel which was uppermost 
drying immersed the water for 
period hours room tempera- 
ture conditions. Following 2-hour 
drying period, the finishing material 
cannot show any whitening nor any 
other visible defect, other than very 
slight dulling the original sheen. 

Performance for resistance alcohol 
and naphtha checked applying 
coats the finishing material piece 
Maple Flooring. The wood sanded 
smooth with sandpaper, 
moved, and the material applied 
allowing 24-hour curing period 
70°F 90°F between coats and after 
the second coat. Approximately one- 
inch pools Stoddard Naphtha and 
per cent alcohol solution, respec- 
tively, are formed the respective ends 
the specimen and are then covered 
with watch glass for hour 70°F 
90°F. The remaining solvent then 
removed blotting. Any evidence 
damage, dulling, whitening, which 
remains after rubbing lightly with 
clean cloth causes rejection the 
finishing material. 


Skinning Resistance 


Materials passing the standards are 
required have high resistance 
skinning over container. This test 
conducted accordance with ASTM 
Mcthod 154-47 (3) using wide 
mouth glass jar fluid ounce capa- 
city and two inches diameter. 
sample placed the jar, cov- 
tightly, and left inverted 
position rest the dark for hours. 
Upon examination, skinning over 
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the surface allowed—a slight jelling 

skinning where the material surface 

meets the glass jar may disregarded. 
Drying Properties 

The purpose this test deter- 
mine whether the finish sets touch 
and dries hard within 
period time. 

Tests are run described Fed- 
eral Specification Section 
(1). Essentially, the finishing mate- 
rial flowed clear glass panel. 
The panel then placed approxi- 
mately vertical position well-ven- 
tilated room temperatures between 
70°F and 90°F, the absence direct 
sunlight. The film tested points not 
less than one inch from the edges 
touching lightly with the finger. The 
finish considered have set touch 
when material adheres the finger 
under gentle pressure. The finish 
considered have dried hard when 
pressure which can exerted between 
the thumb and finger not move the 
film leave mark which remains 
after the spot lightly polished with 
clean cloth. 

Requirements are that the finish must 
set touch not less than one-half 
hour, nor more than hours, and shall 
dry hard more than hours. 


Waxing Properties 


From practical standpoint, im- 
wax preparations adversely affect the 
finishing materials applied wood. 
strip maple flooring finished 
previously described under procedure 
for testing resistance alcohol and 
naphtha. one half the wood strip 
there applied solvent type floor wax 
conforming Federal Specification 
P-W-158 (4), and the remaining 
half applied water-emulsion type 
floor wax conforming Federal Spec- 
ification (5). Any adverse 
effect the waxes cause for rejec- 
tion the finishing material. 


Clarity and Color Finishing 
Material 


The clarity the finishing material 
pended matter tested specified 
method 426.1 Federal Specification 
(6). thoroughly mixed 
sample used fill two test tubes 
within inch the top. The tubes are 
stoppered with clean corks and allowed 
stand for hours which time any 
evident sediment noted. sedi- 
ment present, one the tubes 
shaken vigorously and the two tubes 
are compared; both tubes are free 
from clot, jelly and sediment, the mate- 
the requirements deemed 
necessary for satisfactory service. 


Color finishing materials also 
required within desirable range. 
For color comparison, tubes conforming 
ASTM Method (3) are 
used. sample the finishing mate- 
rial poured into Gardner—Holdt vis- 
cosity tube and its color compared 
series Gardner reference standards. 
required that the sample shall not 


darker than the No. Gardner 
Standard. 


Nonvolatile Matter and Flash Point 


The solids content finishing mate- 
rials influences considerable extent 
the protection afforded the floor. The 
determination nonvolatile follows 
ASTM Method Par. (3). 
specific amount material placed 
flat-bottom glass dish; then 
spread over the bottom the dish 
tilting and heated for hours ven- 
tilated oven maintained 221° 4°F. 
Per cent solids then calculated using 
the oven-dry weight material and the 
weight the original sample. Heavy- 
Duty finishes are required have not 
less than per cent nonvolatile matter; 
Gymnasium-Type finishes not less than 
per cent nonvolatile. 

State and local ordinances may restrict 
the storage and use materials those 
having minimum flash points con- 
formance with established regulations. 
The flash point test run Taglia- 
bue closed cup tester, accordance 
with Federal Specification 
(6). The flash point shall not less 
than 90°F, order approved 
under this evaluation. 


Hardness 


Hardness the dried film deter- 
mined the Sward Hardness Rocker. 
film the finishing material 
plate using doctor blade with 1-mil 
gate opening. The film dried for 
per cent relative humidity. The film 
hardness then determined under the 
controlled conditions temperature 
and humidity using Sward Hardness 
Rocker standardized show 
ness 100 polished plate glass. The 
film hardness value required 
not less than 12. 


Viscosity Material and Elasticity 
Film 


Viscosity measured accordance 
with ASTM Method Para. 
(3) using Gardner—Holdt reference 
standards. Heavy-Duty Finishes are re- 
quired have viscosity not greater 
than standard; Gymnasium-Type 
Finishes not greater than standard. 

determined proportionately reducing 
its elasticity the addition stand- 
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ard solution run-Kauri gum pure 
spirits turpentine (so-called Kauri 
Reduction Test). The test made 
generally outlined ASTM Method 
154-47, Para. (3). Essentially 
per cent solution Kauri solu- 
tion, equal per cent weight 
previously determined nonvolatile mat- 
ter the finish, flowed No. 
gauge inch bright tin plate. The 
plate stands hour vertically room 
temperature, baked for hours 
212°F, and then removed and 
cooled for minutes 77°F. The 
panel then placed, coated side up, 
over rod mandrel and bent 
double approximately one second 
cracks can occur over the bent area 
between points from each side 
the panel. considered that 
finish which will resist per cent 
reduction with Kauri gum, 
basis its nonvolatile content, will 
have satisfactory flexibility elasticity 
for good performance. 


Abrasion Resistance 


Naturally the best method for eval- 
uating abrasion resistance floor fin- 
ishes actual exposure wear. Since 
such method costly, slow, and in- 
volves numerous variables, alternate 


accelerated method desirable. Two 
main types accelerated testing which 
give index relative value are (1) 
the Taber abrasion test, and (2) the 
falling sand method. Both methods are 
subject variables and neither ideal. 
The method used for evaluation under 
this program the Taber abrasion test. 

Three flat stainless steel plates 0.03 
inches thick, inches square, and hav- 
ing center hole, are coated 
one side with thin uniform coat 
material whose dry weight will 
between 1.0 and 2.0 milligrams per 
square centimeter area the plate. 
The plates are weighed before being 
coated and after drying for hours 
75° The weight the dried 
finish reduced milligrams per 
square centimeter plate area. 

The cured panels are abraded using 
Taber Abraser (Research Model) 
with Calibrase Wheels and 500 
gram torque weights 
Each plate abraded until, visual 
inspection, approximately per cent 
the coated area the track has 
been worn away. The surface the 
plate and the wheel cleaned after 
each 100 cycles. Following completion 
the test, Abarasion Index cal- 
culated dividing the cycles recorded 
the milligrams dry film applied 
per square centimeter plate. cor- 


rection formula used (based 
more precise area measurement) 
compensate for human error estimat- 
ing per cent wear area quick 
visual inspection. 

Heavy-Duty Finishes are required 
have Abrasion Index (average 
plates) not less than 150; similarly 
the Gymnasium Finish Abrasion Index 
must least 250. 
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Ovens For Drying Wood Finishes 


WALLACE HERDLEIN 


Vice President—Western Sales Division, The Mahon Company, Chicago, 


FORCED DRYING wood fin- 
ishes became major importance 

result the conveyorization the 
finishing lines furniture factories. 
With any appreciable chain speed, 
quickly that the amount 
conveyor and floor space begins get 
impractical for long periods air dry- 
ing. Further, continuously operating 
lines must perform definite cycles 
and cannot depend natural tempera- 
ture and humidity conditions. fol- 
lows, therefore, that forced drying be- 
comes necessary part modern pro- 
duction lines. The building the fur- 
niture dryers and the heating, ven- 
ABOUT THE AUTHOR: HERDLEIN, 
WALLACE. Speaker, Session VII, Wood 
Finishing, for Forced Drying Wood 
Mahon Company, Chicago, Illinois 
attended Washington University, St. Louis, 


Mo. member South Shore Country 
Club, Union League Club. 
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tilating, and humidifying equipment 
required relatively simple that the 
usually ranges 
from 125° 175°. some the early 
units, the equipment for humidifying, 
and sometimes the heating units, too, 
were much more elaborate than they 
had need be. Some these com- 
plicated units—because their very 
nature—were poorly maintained. Sub- 
sequently, have made every effort 
simplify the entire system. Almost all 
furniture factories are equipped with 
boilers and heating facilities using 
steam, and for this reason, and the fact 
that furniture ovens operate such 
low temperature, steam used for the 
drying. the early operations, the air 
passed through spray nozzles, and wet 
and dry bulb thermometers were used 
for controlling temperatures 
midities. There nothing wrong with 
this method except that expensive 


and required considerable amount 
attention. With the usual temperature 
range for wood-finishing ovens, 
simple hair humidistat satisfactory. 
The use water-spray nozzles can 
avoided simply injecting steam into 
the air stream. 

The ovens drying rooms have 
built number ways. Some 
been built plaster board nailed 
both sides two-by-four framing 
and therefore had very little 
value, while the better drying rooms 
were built steel-covered panels with 
inch good insulation between 
steel sheets. Most these drying 
have been located reasonably thick 
wood floors which had some 
insulation. Occasionally, mistake 
made placing oven this kind 
concrete first floor. Obviously. 
these were hard heat and hard 
humidify. While would like see 
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all ovens made the natural bot- 
seal type, most furniture ovens 
hove conveyor openings the side 
the ends the ovens requiring air 
some nature prevent loss 
hc: air into the factory. Aside from 
oven exhaust air, which should 
the insurance standards, any ex- 
air discharged air seal is, 
course, wasteful, and for this reason the 
arrangement should designed 
While are interested the manu- 
facture drying equipment, are 
qualified discuss finishes. 
must, course, continue 
equipment suit any finishing mate- 
Most the first dryers were built 
for the usual stains, sealers and var- 
nishes lacquers, all which were 
air-drying materials. Since that time, 
baking 170° for 
about two hours have been developed, 
and for this reason, believe most 
ovens should designed for tempera- 
tures 170°. 

has been the usual practice in- 
stall automatic controls for temperature 
and humidity. Regardless tempera- 
ture, the humidity usually specified 
35%. have seen great many 
ovens which the humidity-control 
equipment was completely out order 
and which seemed doing satis- 
factory job without any humidification, 
although would certainly seem 
much better practice maintain ap- 
proximately the same humidity the 

setting complete heating 
system, the addition good humidity 
control costs little extra that could 
not well omitted. Aside from the 
air seal exhaust units, the heating 
and humidifying equipment 
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recirculating fan and all accessories, 
including motors, temperature controls 
and humidity controls are usually built 
into single unit cabinet which 
located one the walls the 
oven. From this unit the heated and 
humidified air distributed throughout 
the oven series ducts arranged 
for the establishment uniform tem- 
peratures. Usually the centrifugal fans 
these hot air streams are provided 
with high temperature oils greases 
and the motors and belts are also for 
high temperature application. The 
steam coil usually equipped with 
direct acting modulating control valve 
with the bulb the return air stream. 
The humidistat also located the 
return air stream and controls the 
amount steam entering the recir- 
culating stream, Usually this latter 
control. Furniture ovens 
usually require much floor space that 
all possible they should located 
the roof building with the 
spray booths and possibly the heating 
units located the floor below. 

There are two general types con- 
veyors for ovens—the continuous over- 
head trolley and the floor type. The 
latter may push-along continu- 
ous design. Trolley conveyors have the 
advantage cleaner conditions through 
spray booths, and work well multiple 
story buildings where long continuous 
runs are necessary from floor floor. 
Sometimes roller pallet conveyors 
are used combination with trolley 


Roller conveyors pallet conveyors 
are sometimes used manner that 
permits bunching the work the 
drying ovens. Bunching saves floor 
space, but cannot easily done with 
trolley conveyors and the advantages 
the trolley system are then sacrificed 


smaller floor area. With overhead 
ovens upper floors roof tops, 
the floor-space problem minimized 
and get all the advantages trolley 
conveyors, savings floor space and 
the most efficient type oven. The type 
conveyor, therefore, influences 
some extent the floor space required. 

the final analysis, the oven ar- 
rangement and type conveyor 
usually dependent group factors 
which vary widely from plant plant. 
Some these are: 

Quantity work 

Factory floor space available 

Roof space 


Quite frequently ovens 
with more thought given how small 
they can made rather than the 
best design. Smaller ovens must oper- 
ate higher temperatures and for this 
reason are less efficient. They are also 
most often the ovens which produce 
poor quality work and are more likely 
influenced unusual conditions. 
Slower drying lower temperatures 
more foolproof, and are sure that 
this score most finishing department 
and most paint suppliers will 
agree. For those contemplating the in- 
stallation finishing equipment, 
would recommend that the finish sup- 
plier and the equipment manufacturer 
brought into conference discuss 
all the various phases the con- 
templated installation. This group 
should consider the work load, kind 
finish, type spray booths, conveyor 
and oven, and the basis these 
considerations, design equipment that 
will best meet all requirements, includ- 
ing the most effective location the 
manufacturing plant, that the utmost 
attained. 
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TECHNICAL SESSION May 1954, 1:30 P.M. 


Subject: Quality Control 
Chairman: Charles Latimer 
Recorder: Richard Calahan 


EN, MATERIALS, machines, and 
management are the 
ables which determine quality any 
manufactured product. these, men 
and management have the greatest effect 
quality, whether the man- 
ufacture paper and board, such 
our company manufacturers, lumber, 
furniture the wide host products 
that come under the term, forest prod- 
ucts. universally accepted today that 
statistical quality control very im- 
portant management tool and cap- 
able effecting major gains with oper- 
ating personnel. This especially true 
the approach approximately per- 
cent psychological and percent scien- 
tific. 
The objectives statistical quality 
control are: make production 
quality easy possible, pro- 


vide incentive for people good 
job, provide management with 
good operating facts, and protect 
the customer’s interest the plant. Cer- 
tain basic requirements must met 
order successfully accomplish the ob- 
jectives statistical quality control. 
First and foremost, the quality control 
approach with production personnel 
must friendly one and not one 
monitoring. Statistical quality control 
eyes for the operating personnel. Sec- 
ond, statistical quality control should 
deliver news and not history. This prac- 
tise permits adjustment operations 
when will meaningful. Another 
basic requirement the delivery 
facts and not opinions. Such data pro- 
vides sound basis for specifications. 
Statistical quality control practice 
teaches people think terms vari- 


WILLIAM PRICE 
Quality Control Engineer, The Singer Manufacturing Company, South Bend, Indiana 


Means are described which the interest production and 
management personnel quality control stimulated and main- 
tained; how simple but graphic charts can used develop pride 
holding the quality line. Suggestions are made good principles 
reporting management and for the incorporation effective 
quality control company management. 


OBTAIN OPTIMUM quality 
performance, statistical quality con- 
trol data must translated into effec- 


ABOUT THE AUTHOR: PRICE, WIL- 
LIAM Speaker, Session VIII, Quality 
Control, Quality Control Facts 
into Quality control engineer, 
The Singer Manufacturing Co., South Bend, 
the technical aspect the quality control 
system and the establishment statistical 
1950 from Iowa State College 
Artillery 1st Lt. from 
served Korea 1952-53. 
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tive action the earliest possible 
moment. accomplish this, the data 
must transmitted promptly and ac- 
curately those parties best posi- 
tion initiate corrective action. The 
success any quality control program 
directly proportional the effective- 
ness this translation. 

the purpose this paper 
discuss the means which quality 
control The Singer Manufacturing 
Company achieving the desired qual- 
ity performance. These means include: 
(a) Techniques reporting quality 
control data the production person- 


“The Human Angle Quality Control” 


Keynoter, Sooy, Wolverine Carton Co., Grand Rapids, Michigan 


ability. The returns from such 
improved quality, lower spoilage, 
costs, improved morale, 
plaints, improved 
improved customer relations, 
proved sales position. However, 
note warning with respect 
tical quality control application is: 
overboard; don’t get high-brow. 
many applications the psychological 
pects statistical quality control 
more important than the scientific. 

Quoting from the Bolton Award 
company its include job 
security, personal recognition, quality 
management, advancement, good 
munications, job training, and 
Statistical quality control functioning 
properly contributes some part 
each these obligations. 


Translating Quality Control Facts into Action 


nel promptly, accurately and simply. 
(b) Creating atmosphere among 
production personnel conducive 
ing prompt action. (c) Providing qual- 
ity control with the necessary authority 
get action not done voluntarily 
production. 


System Reports and Reporting 


developing system reports 
and reporting, many other 
the field statistical quality con- 
and variety techniques, 
graphs, forms, etc., that can 
adopt the military phrase, all 
depends upon the 
putting mildly but would the 
way describe the problem 
ing the ideal charting system. 
each manufacturer has his own 
cialized problems and one system 
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reports and reporting can nominated 
should custom-styled for its particu- 
function. 


Certainly the charts will use the 
quality control techniques for 
and np, etc., but frequently 
success operation will depend 
the presentation the collected 
The data should presented 
simply possible and still furnish 
with the facts desired. 
must, the same time, capable 
each individual operator exactly 
how his process functioning. per- 
each operation, build 
feeling pride within the individ- 
ual operators upon whose shoulders 
rests the success failure the 
process. 


The writer believes that the princi- 
ples simplicity and accuracy are 
being obtained The Singer Manufac- 
turing Company the use charts 
that, glance, give the desired in- 
formation without requiring the reader 
understand the statistical 
techniques. has been our policy 
have duplicate charts each individ- 
ual operation that under surveillance. 
One chart the typical data sheet 
type and maintained the quality 
control inspector primarily for 
manent record. These charts provide 
space for the collection and plotting 
the subgroup data and also give 
record the preliminary data with the 
calculated control limits. The other 
chart large wall chart posted along- 
side the operation. These charts also 
show certain basic information con- 
cerning the operational characteristics 
and also provide space for plotting 
observed values. 


used conjunction with the 
quality control charts, have devel- 
oped system colors which are 
posted the charts and designate the 
quality level being obtained. This color 
code very similar our modern 
traffic light system: stop, caution and 
go. Green represents the 
and, for us, means that the process 
operating normally and control. Yel- 
low the caution sign and warns 
the lookout for trouble be- 
cause trend because the points 
are approaching the control limits. Red 
indicates danger—the process operat- 
ing out control—and the cue 
start looking for assignable cause. 
colors are posted the charts 
two ways: first, using large 
colored discs which hang from the wall 
charts and are large enough seen 
some distance; and second, hav- 
all points plotted the chart 
with red, yellow green pen- 
depending upon the location 
the points. 


FPRS 


very encouraging note the 
interest that follows the daily posting 
the colored discs and subgroup 
points. The individual operator very 
conscious the color the chart 
his machine and real feeling com- 
petition developed between operators 
keep the charts the green. 
have attempted, and, 
ceeded, build good operators 
instilling state positive thinking. 
Before the collection any preliminary 
data the operator informed our 
intentions and time our in- 
spectors around” watching the 
operator from behind trucks con- 
veyors. this way, the operator does 
not get the idea that being spied 
upon and will continue his job the 
normal operating manner. Incidentally, 
also good idea inform the 
foreman your purpose for establish- 
ing check the operation. After 
the preliminary data have been col- 
lected and are ready for wall chart, 
the foreman and machine operator are 
brought together and the principles 
the chart explained them. Careful 
thought must given explaining 
statistics foremen and workers en- 
dowed with the old school thought. 
Therefore, our explanation concerned 
mainly with the color code. 

Another system adopted Singer. 
which has proved very successful, has 
been utilize the information collected 
the regular line This in- 
formation can provide valuable facts 
and easily converted into np, and 
chart form. The following two exam- 
ples illustrate how this system used. 


Application Example For sev- 
eral years the line inspectors had been 
submitting only inspection re- 
ports, which summarized, into certain 
broad categories, all major defects. 
These reports were kept file for 
month, which time they were con- 
densed and forwarded the produc- 


tion departments. was recognized 
once that these reports had two falla- 
cies: first, the inspector did not keep 
daily record his defects was 
doubtful whether could 
accurate account relying 
memory the end the week; and 
second, the production departments did 
not receive the reports until several 
weeks after the defects occurred and 
then, because the consolidation into 
certain broad headings, some the 
information became practically impos- 
sible isolate. 


Knowing that these discrepancies 
existed, were particularly pleased 
when approached one the produc- 
tion departments concerning the pos- 
sibility combining realistic report 
system with program quality con- 
trol. preliminary meeting was 
agreed that the quality control section 
would work closely with the produc- 
tion departments obtaining the infor- 
mation they wanted. Since practically 
all the production operations were sub- 
ject some type inspection, the 
selection the operations 
checked was left the discretion 
the operating department. felt that 
our mission was only supply this 
information with the shortest possible 
delay, thus equipping production per- 
sonnel with the means take effective 
action decrease the number 


Deciding that the most efficient 
method accomplish this would 
through the use daily inspection re- 
ports, and, since many the opera- 
tions checked involved the in- 
spection hundreds parts daily, 
was felt that sampling technique 
could used and would furnish the 
desired results. order achieve 
randomized sample, each inspector was 
instructed take his samples vary- 
ing times throughout the day. The in- 
spection reports were collected daily 


Figure 1.—Quality control meeting. 
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and, when sufficient information was 
received, the preliminary data were 
computed and the information applied 
upon the nature the sample size. 
this time, large wall chart 
type) was constructed and explained 
all members the operating depart- 
ment concerned. The foreman was 
asked establish quality goals and 
timetable for obtaining them. Figure 
illustrates meeting the quality con- 
trol head, line inspector, foreman and 
operating personnel discussing the prin- 
ciples chart prior posting. 


The standard operating procedure 
collect all reports daily and post 
the wall chart the record the 
day’s defects. Depending upon the 
relationship between the amount 
defects and the quality goals, the points 
are plotted red, yellow green. Al- 
though only it’s infancy, the pro- 
gram progressing very well and, 
originally hoped, the number de- 
fects decreasing. feel this 
because the people concerned are get- 
ting the information accurately and 
promptly and are translating the facts 
into action. 


Application Example Upon the 
installation the conveyor line for 
the assembly desk type cabinets, 
were approached the assembly de- 
partment concerning the possibility 
inaugurating quality control system 
this line. Everyone was greatly in- 
terested achieving high level 
finished product quality with mini- 
mum repair, and the seemingly ob- 
vious answer quality 
control. 

Preliminary studies indicated that 
one the major quality problems 
stemmed from defective work entering 
the assembly area from the finishing 
operations. was apparent that this 
was great psychological handicap 
obtaining high level quality work 
from the assembly personnel. Hence 
plan was devised sample all incom- 
ing finished parts. This data then could 
directly compared the sampling 
taken the first inspection the 
assembled cabinet. Further, samples are 
taken final inspection (after any 
hardware and touch-up repair have 
been done) measure the efficiency 
the repair work done and the accu- 
racy the first inspection. 

Preliminary data the form 
charts, recording the defects per unit 
three sets parts, both they enter 
the assembly conveyor and after they 
are assemblyed three complete cabi- 
nets, were accumulated and presented 
the operation department meet- 
ing held outline the quality control 
program followed. The operat- 
ing departments themselves established 
quality goals which they would attempt 
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Figure 2.—Application quality 
conveyorized operation. 


meet and timetable for doing. 
meeting was then held fully ex- 
plain all workers the area what 
the program was, why improved qual- 
ity was necessary, how the goals had 


established, and what was 


expected them. 

Fig. shows one two large 
boards posted the assembly area 
give up-to-the-minute report 
quality all along the conveyor. Large 
colored discs the charts are used 
indicate glance the quality picture 
each part each major stage, 
well the overall current quality level. 
Red, yellow and green colors, pre- 
viously described, indicate the amount 
defects. The writer would also like 
mention that all the data collected 
these operations were taken 
regular line inspectors and not the 
quality control staff. 

This program still functioning and 
the results are very gratifying. seven 
months operation the number 
defects has decreased decisively and 
feel that this program has been very 
successful. 


Characteristics Good Report 


Many quality control programs have 
failed because that very common 
Merely accumu- 
late voluminous stacks data sheets, 
which nothing but lie the files 
and collect dust, will not insure the 
success your program. The informa- 
tion that collected should made 
known immediately when the work 
still fresh the mind the operator. 
This the time take any necessary 
action. This information should also 
made available management and 
supervision regular intervals. The 
writer believes that this being accom- 
plished Singer submitting 
quality level report the de- 
partmental supervisors, whose de- 
partment quality being checked. 
Duplicate copies these reports are 
also sent management. 

Quality reports should given lot 
and should not just 
another report written Monday 


mornings. lists the following 
principles that should applied 
management quality reports: (1) Con- 
fined items major interest and 
importance, (2) Circulated, not with- 
held, (3) Concise and the point, 
(4) Factual and unbiased, (5) Regu- 
lar: 

into one report all the above listed 
principles. not contending that 
the quality reports used Singer 
the ultimate perfection 
all Mundel’s principles but 
wish present them for what 
ance they might offer others 
ing such report forms. Fig. 
tures one our weekly quality 
management and intermediate 
pervision. have designed our 
with the idea mind 
simplicity and ease reading. The 
ports present pictorially floor 
the department which the qua! 
being checked and show the 
location the check operations. The 
quality level being obtained 
nated the report the use cur 
conventional color code: red, yellow 
and green. Each operation 
circle and further explained 
report legend. These circles are then 
colored according the quality level 
being obtained for the This very 
simple system enables the reader 
determine the overall quality picture 


Figure 3.—Weekly quality level report 
management. 


with minimum reading time 
quired. would also like mention 
that maintain the office large 
scale replicas the reports 
quality level each operation. 


Our work also entails the 
quality incoming hardware rts 
obtained from our own organizat 
and from outside suppliers 
ceptance sampling basis. 
this involves the sampling 
mately two hundred 
Besides keeping each hardware 


Ed. McGraw-Hill Book Co., 
New York. 
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quality history, which shows such in- 
formation method manufacture, 
simpling plan, and percent defective 
each shipment, have large wall 
chart that gives up-to-the-minute 
account the quality level all parts. 


for Everyone 


that the maximum harvest can 
from quality control program, 
state quality-mindedness must 
not already present, and 
with and between manage- 
ment, supervision and workers. Assum- 
that the top levels management 
quality product and are sincere their 
actions make such quality program 
the quality control technicians, and the 
man behind the machine keep the 
rolling. 

Although sometimes large and 
time-consuming task, the best means 
endowing individual operators with 
quality-mindedness through personal 
contact. This the best method 
building state positive thinking 
within the operator and through 
this thinking that fair operator can 
become the best man the plant. The 
operator should understand that quality 
makes and sells the product and 
the benefit his personal well-being 
make the product good pos- 
sible. Sometimes, however, this under- 
standing alone not enough. Every 
man should realize how good work- 
manship can contribute 
product, and suggestions concerning 
his job should encouraged. Possibly 
needed keep the operator moving 
the right direction. 

The above assumption that manage- 
ment and supervision are already push- 
ing the quality program sometimes 
not true. The reluctance embark 
the good ship many times 
the downfall otherwise excellent 
quality control This program 
selling quality control manage- 
ment large subject itself and 
beyond the scope this paper. How- 
ever, prime importance that 
quality the rule rather than the 
exception and vital that everyone 
gets into the act. 

Quality-mindedness condition 
which frequently may not exist such 
but one which must created and, 
for the most part, continually culti- 
vated. develop this quality-conscious 
atmosphere Singer, have con- 
tinuously operating quality-promotion 
Program. This program includes 
that has been given approxi- 
one hundred persons. This 
course has been given all members 
management, most foremen and 
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Figure 4.—Organization chart showing position quality control administration. 


set-up men and nearly all engineering 
and time study personnel. the qual- 
ity control program advances into other 
parts the plant, additional courses 
are given the personnel these 
areas. The training program consists 
five hour sessions, which include 
both and practical exercises 
the technical aspects quality control. 
rather extensive training manual was 
prepared for the course and used 
everyday reference book for the 
people who have completed the course. 
drive home the importance 
quality product, management, the 
weckly staff meetings with supervision, 
constantly stressing the needs for 
maintaining state quality-minded- 
ness all levels the plant. 


Also, the quality promotion pro- 
gram, have posted throughout the 
plant series quality control pos- 
ters which are furnished outside 
firm. Although the comments from 
workers concerning these posters have 
been both pro and con, are con- 
vinced that they are injecting feeling 
quality-consciousness into the fac- 
tory personnel. This further sub- 
stantiated opinion poll con- 
ducted throughout the plant, where 
people, selected random, expressed 
their opinion concerning the quality- 
promotion program. These statements 
were unsigned and the consensus was 
that the program was succeeding 
promoting quality. The cost, inciden- 
tally, quite small. 


further promote quality, our 
plant publication provided 
spread telling the quality control 
program and showing pictures some 
the quality inspectors performing 
their various quality checks. This per- 
sonalized touch was another method 
used reach the plant worker and 


promote feeling quality-minded- 
ness. 

quality control program which 
fails create spirit co-operation 
and quality mindedness 
“men behind the machines” doomed 
almost certain failure. The statistical 
techniques for attacking the quality 
problems which have previously 
described are merely tools—aids the 
improvement quality—and are not 
end themselves. Quality must 
continually promoted. Without 
spirit “quality among 
the workers, supervisors and manage- 
ment, amount type inspection 
will secure the level quality wish 


Organizational Set-Up 


provide quality control with the 
necessary authority obtain action, 
extremely important that the quality 
control director report directly top 
management and the same organ- 
ization the engineering, pur- 
chasing, manufacturing planning and 
production functions. 

Even with this direct line com- 
munication management, should 
emphasized that the conventional 
chain command should not by- 
passed when negotiating quality 
problem, unless apparent that all 
efforts will blocked the lower 
echelon and therefore necessary 
resort the top management 
course. some organizations, however, 
where the established practice 
take problems involving quality deci- 
sion top management, sometimes 
little action taken. most 
instances, this not due lacka- 
daisical managerial attitude, but often 
caused untold amount red 
tape and tie-ups the organizational 
communication system. 
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that immediate action 
taken, best have the individual 
most closely associated with the prob- 
lem investigate the situation and 
possible remedy immediately. 
most cases this person can the qual- 
ity control inspector who works along- 
side the machine operator. Certainly, 
this not always possible, but gen- 
erally the policy starting investiga- 
tions the lowest level authority 
will result the quickest action. How- 
ever, attempt made alleviate 
the difficulty, the alternative then exists 
either climbing the chain com- 
mand using the direct line com- 
ommended, however, that all concerned 
parties contacted and allowcd ample 
time make corrections before advis- 
ing management the situation. The 
unspoken threat taking problem 
management often the cure for 
many ills. 


have installed The Singer 
Manufacturing Company 
procedure for all quality control inspec- 
tors follow cases where trouble 
detected. all instances where 
discrepancy apparent and points 
out control are approaching the 
control limits the following action 
taken: (1) Check all measurements 
and computations. (2) Check instru- 
ments used making the measure- 
ments. (3) trouble continues take 
five more subgroups and inform the 
machine operator. the trouble cannot 
solved the operation co- 
operation not received the foreman 
should advised. (4) action 
taken the foreman the quality con- 
trol engineer should informed, who 
then will contact the department super- 
visor necessary inform manage- 
ment. This procedure will insure top 
management that the case defec- 
tive work the information will 
brought promptly the necessary per- 
sonnel and appropriate action will 
taken. 

Since quality control very closely 
associated with purchasing, engincering 
and production, very important 
that atmosphere co-ordination 
and co-operation prevails. de- 
scribes how this co-ordination can 
achieved through the following organi- 
zational devices: 

Through common supervisor: 
This device very useful when every- 
one reports the 
However, cases involving men from 
different departments, only their depart- 
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mental supervisors have common su- 
pervisor who generally the plant 
superintendent. 


Through staff organization: 
This can accomplished having 
staff man who collects facts the work 
level each department and makes 
recommendations for action. 


Through “junior board di- 
This plan have younger 
executives consider problems which 
would otherwise probably fail secure 
the attention the top executives. 


Through precedent: Unfortu- 
nately the was good enough for 
Grandpa good enough for me” ap- 
predictable, its weakness lies the fact 
that sometimes its basis unsound. 


Through established written pro- 
cedure: This normally assures the man- 
ufacture standard product. 


Through joint committee: con- 
solidation ideas obtained utiliz- 
ing committees composed representa- 
tives from all departments. 

The author recognizes the situation 
that all business enterprises have their 
own personal peculiarities and would 
presumptuous expect the organi- 
zational set-up one fit the needs 
another. Therefore the writer will 
refrain from attempting present 
organizational chart that can used 
guide for industries. However, 
for the sake presentation, the author 
would like show how we, who per- 
form the quality control function, fit 
into the overall picture Singer. Fig. 
illustrates how, the Singer or- 
ganization, quality control operates 
the same organizational level 
production departments and the same 
time has direct line communication 
management. 


Conclusion 


Statistical quality control has become 
increasingly important factor the 
modern day method manufacturing, 
and ever-mounting evidence points 
its successful use the furniture mak- 
ing industry. The Singer Manufactur- 
ing Company, South Bend Plant, after 
better than three years’ experience 
the actual application statistical qual- 
ity control techniques, 
gratifying results decreased waste 
materials, fewer rejects, 
employee efficiency. the highly com- 

furniture market, characterized 
trend toward lower product prices 


coupled with higher material and labor 
costs, quality control program well 
worth its weight gold operated 
effectively. 


This paper has attempted present 
the methods which quality control 
data can promptly and effectively 
utilized. These include 
system reports and reporting; 
organizational set-up that enables 
ity control function top level 
operation; and last, but certainly not 
least, the importance maintaining 
atmosphere quality-mindedness. 
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Discussion 


What quality characteristics 
check the veneer jointer? 

Mr. Price: use chart the 
splicer but keep track individual 
defects which includes defects resulting 
from the jointing operation. 

Can you give details the 
quality posters you mentioned? 

Mr. Price: receive these 
from the Elliott Service Co., 
Vernon, New York. They are published 
weekly and the cost quite 
own plant evaluate the posters 
the results indicate they are 
employees. 
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Tolerances For Machined 
Furniture Parts 
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The manufacture good furniture requires that parts fitted 
properly. Poorly fitting parts means lack structural integrity and 
inferior appearance. one subscribes the theory that wood can- 
not machined accurately but that parts must fit closely, then the 
only solution considerable amount expensive hand fitting 
the assembly operation. however, develops that wood can 
machined accurately, this expensive hand fitting can reduced 
minimum. Research the Wood Products Laboratory North 
Carolina State College has indicated that possible machine 
wood very close tolerances with the aid statistical quality 


control techniques. 


Significance Tolerances 


FURNITURE custom made 
with the hobbyist his home work- 
shop with the craftsman his small 
furniture shop, the problem dimen- 
sions and tolerances rather easily 


comes more acute and difficult solu- 
mass production operations in- 
dividual parts are 
quantity and then fed into the assembly 
operation the appropriate time and 
place. Under these circumstances, the 
determination which item from the 


fit loosely the theory that this 
the lesser two evils. This procedure 
will result furniture which inferior 
appearance, and when the same prin- 
ciple applied the machining mat- 
ing structural parts, likely result 
tural integrity and short life 
expectancy. 

alternative solution the di- 
lemma mating parts make the 
male part oversize and then reduce 
size until satisfactory fit achieved 
hand fitting operation during the 
final assembly. This procedure has the 
disadvantage being very expensive. 
Further, incongruous when con- 
sidered that the original machining op- 
eration almost invariably accomplished 
machine which capable ma- 


ques, the items part can assembled possible without permitting interfer- 
ABOUT THE AUTHOR: BETHEL, with any item part wood ma- ence the fitting the parts. 
JAMES Co-author, Session VIII, Quality chining operation will yield all parts The problem achieving satisfac- 
with precisely the same dimensions. tory fit mating parts is, course, not 
The problem then resolves itself with the furniture industry. The 
Wood Technology, School Forestry, one insuring that the variation the same problém faced other fabri- 
North Carolina State College, Raleigh, dimensions mating parts not cating industries using wood, metal, 
North Carolina Received BS, Masters reat produce articles question- lastics and other structural materials. 
tended University Washington and Duke able utility. The problem may illus- Most these industries have 
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ting flush front drawer into chest 
drawers. the drawer fit satisfac- 
torily, the proper relationship must exist 
between the length the drawer front 
and the length the rails above and 
below the drawer. the length the 
drawer front too small compared 
the length the rails, the drawer 
will have loose fit and unsightly 
crack will present each end the 
drawer. the other hand, the length 
the drawer front too great com- 
pared the the rails, the 
drawer will not fit all will stick 


fying critical dimensions and tolerances 
blueprints and then controlling the 
machining operations insure that di- 
mensions are within specified 
tolerances. 

The practice precisely specifying 
dimensions and tolerances working 
prints has never 
adopted the furniture Di- 
mensions are usually specified the 
form model the piece furni- 
ture which the dimensions are physi- 
cally measured means patterns 
Tolerances are usually not speci- 


ion and Institute Mathematical when opened and One solution fied. variety reasons have been 
this problem permit the drawer for failure specify tolerances. 
JOURNAL FPRS 
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WUMBER PARTS 


DEPARTURE FROM NOMINAL DIMENSION 


One reason which frequently advanced 
that tolerances can’t used the 
furniture industry because furniture 
parts have made exact size 
and cannot vary. This statement not 
compatible with the facts. Variation 
any repetitive manufacturing 
operation. expected and ac- 
cepted. The best that can hoped for 
that this variation will controlled 
within such reasonable limits that the 
item being produced will have the 
maximum utility. the manufacturing 
organization control the varia- 
tion, the reasonable limits must speci- 
fied. The best method devised date 
for specifying reasonable limits the 
written tolerance. 

second commonly encountered rea- 
son for not specifying tolerances fur- 
niture manufacture that wood and 
woodworking operations are nonuni- 
form that not reasonable expect 
use tolerances the way that the 
metal working industries for exam- 
ple. matter fact, the precision 
that possible achieve wood- 
working machining operations almost 
invariably grossly underestimated. will 
shown later this report that wood- 
working machining operations can 
very precise. Tolerances can reasona- 
bly specified and order magni- 
tude compatible with the precision 
the operation involved. truth, toler- 
ances are almost invariably used the 
furniture industry but they are unspeci- 
fied and unofficial shop tolerances. The 
length part may specified the 
plant superintendent 17-3/4 inches, 
light. the machine room foremen this 
might mean that the parts should under 
circumstances exceed 17-3/4 inches 
length and many them are less 
than 17-11/16 inches will 
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trouble with the cabinet room foreman. 
Such unofficial shop tolerances seldom 
reflect the basic accuracy and precision 
the machining equipment, 
cordingly they result excessive time 
and labor assembling and fitting 
finished parts. Pittman and 
have shown plant tests that the es- 
tablishment dimensional tolerances 
through use suitable gages resulted 
reduction about percent direct 
cabinet room labor. 


Precision Wood Machining 


tolerances are specified for 
wood machining operations neces- 
sary know something about the basic 
accuracy and precision the machining 
equipment. The information required 
evaluate any piece machining equip- 
ment can obtained measuring the 
critical dimensions finished 
With most types wood machining 
equipment such rip saws, planers, 
molders and tenoners there are two pri- 
mary sources variation when the ma- 
chine well constructed and properly 
maintained. These two sources varia- 
tion are: 

Machine variation—the differences 
dimension among successive pieces 
coming from machine single setup. 
These differences reflect the precision 
the machine piece manufacturing 
equipment. 

Setup differences 
from setup setup the departure 
average part dimensions for setup 
from the nominal part dimensions. 
These differences measure the ability 
the setup man make the machine 
what wants do. They also re- 


June 1952. Cost Savings Furniture Manufac- 
ture Accurate Dimension Control. Bulletin 
Southern Furniture Manufacturers Association. 


flect the quality the gaging equipment 
supplied the setup man and the 
quality the adjusting mechanisms 
the machine. 


can shown that measurements 
successive dimensions from most wood 
machining operations are normally dis- 
tributed. Figure frequency histo- 
gram 199 measurements the thick- 
ness drawer sides dimensioned 
The data are recorded 
tures from the nominal thickness meas- 
ured units .001 inch. will 
noted that this distribution 
rather closely the familiar bell shape 
the normal distribution shown 
comparing the histogram with the 
imposed graph normal curve 
mean and standard deviation 
ponding those this group 
ness measurements. All these 
urements represent single setup this 
molder. Hence this normal curve 
scribes the machine variation. 


Figure shows four similar 
distributions representing successive 
ups the same machine—in this case 
again molder. Each the frequency 
distributions reflects the variation from 
piece within setup. The fail- 
ure the four distributions 
tered zero indicates the variation be- 
tween setups. When poor gaging 
ment used setting-up and whcre 
setup techniques are poor, the variation 
from setup setup may 
greater than the variation within setups. 
Under these circumstances, machining 
operation may quite inaccurate even 
though the machine being used has 
high degree basic accuracy. 

The analysis variance method pro- 
vides good way evaluating the two 
components variation machining 
operation. Table analysis vari- 
ance table representing the operation 
machining group furniture parts 
width molder. The variation 
from setup setup proves highly 
significant when compared with 
variation within setups, using appro- 
priate statistical test. Under these cir- 
cumstances, the between setup variation, 
since represents the greater part 
the total variation, would furnish most 
the basis for the setting reasonable 
tolerances. Table indicates the 
centage parts which could 
pected fall within various limits 
the nominal dimension. more 
curate gages were used setting 
machine, the variation could 
variance table for another molder 
was set with accurate gage 
uring the nearest .001 
instance the tolerances are 
almost entirely within setup 
Table provides basis for 
the machine variation this molder. 
comparison between Tables and will 


OCTOBER, 1954 


the difference between good and 
poor machining operation. toler- 
ance .005 inch was assigned 
furniture parts moulded, Molder 
expected yield 28.86 percent 
acceptable parts, while Molder 
would yield 99.58 percent acceptable 
Where dimensions are not critical 
well that the kind accuracy 
with Molder satisfactory 
that the additional precision which 
would accrue from the use better 
gages would not worth the 
cost. Under these 
the tolerances would set some 
value. the tolerance was set 
inch, Molder would yield 
percent acceptable material the 
avcrage. Where dimensions are critical, 
however, would certainly more eco- 
nomical obtain accurate machining 
close tolerances than would 
inaccurate machining and invest heavily 
excessive cabinet room time and hand 
fitting. 


Specifying Dimensions Mating 
Parts 


When the precision machining op- 
erations known, possible estab- 
lish what the nominal dimensions 
mating parts ought be. Rice? has 
described technique which suitable 
the solution this problem. Return- 
ing the problem fitting flush 
front drawer into chest drawers, 
possible establish the proper di- 
mensions for the drawer and the rail 
the precision the machining opera- 
tions producing these parts known. 
For the purpose illustration, assume 
the following specifications: 

Inches 
Length of rail between shoulders. __- 32.6250 
Minimum clearance required avoid 

drawer sticking and to permit swelling 

with change in moisture content 
Standard deviation the machining 


operation dimensioning the rail 


Standard deviation the machining 

operation dimensioning the drawer 


The problem one determining 
what length should specified for the 
drawer front. Since both the rails and 
the drawer fronts vary length, the 
possibility always exists that short rail 
will assembled with long drawer 
front and the clearance will less than 
the specified .0625 inch 
length the drawer front specified 
very small. The manufacturer can assign 
probability the occurrence this 
event, and based upon this probability 
dimension can specified. the 
0625 inch occurs more frequently 
than one each hundred times, the 
then the length the drawer 
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PART 


PART 
8-3 


PART 


DEPARTURE FROM NOMINAL 


front can determined. The standard 
deviation the difference two inde- 
pendent variables calculated from the 
formula: 


.00484 


Reference table areas under 
the normal curve reveals that percent 
the area under the curve lies beyond 
2.33 standard deviations from the mean. 
Accordingly: 

Difference between length rail and 
length drawer front (2.33) 
—R) (minimum clearance) 


Table 1.—ANALYSIS VARIANCE, MOLDER 


Degrees 

Source freedom squares 

319 050771 


.000020 
oW = .0045 
eb? 
.000020 
= .000159 
.000179 
= .0134 


Mean 

square Significance Estimate 
.006366 318 Significant 
.000020 aW? 
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.074 


Therefore the length the drawer 
front should as: 


32.625 .074 32.551 


Quality Control Wood Machining 
Operations 


dimensions and tolerances are 
precisely prescribed for 
wood furniture parts, necessary that 
the machining operation subject 
close control. Machining 
ideally suited the use 
charts for and The principal 
culty encountered that most 
chine rooms specific machine may 
duce hundreds different parts 
the plant small, may produce 
tively small number each part. 
this situation the inspection 
volved preparing separate charts 
each part would prohibitive. 
tunately, has been found that this 
not necessary. Instead single 
ing chart can maintained for each 
kind machining operation 
machine. Fig igure shows such 
chart for molder operation. the 
conventional control chart for and 
with standard given prepared according 
the A.S.T.M. The standard 
for this Master Control Chart 
and represents the specified dimension 
the part. Individual points the 
chart are deviations from the nominal 
dimension .001 inch units. The con- 
trol chart based upon subgroups 
pieces. Eleven parts are represented 
the chart, two which were actually 
the same width. This Master Control 
Chart applicable where accurate 
ing equipment available 
possible get precise Under 
these parts can poo: led 
single control chart. The chart 
Figure shows good Figure 
shows similar control chart where 
coarse steel rule was used for 
the machine. The lack control 
parent makes obvious that the 
sary use setup gage which yields 
significant difference between the 
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Percentage 
pieces 
expected 
within 
Limits limits 
dimension, inches 
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tion between setups compared the 
variation within setups, then the control 
should modified that the 
limits are located the basis 
the between setup variation. This 
ster Control Chart method developed 
North Carolina Wood Products 
oratory* makes possible reduce 
number control charts necessary 
machine room one for each kind 
nachining job done each machine. 
charts are then used each time the 
machining operation ac- 
co: iplished regardless the overall di- 
the part processed. 


and chart can very 
factory management the 
wood machining operations. 
Control charts provide the data ma- 
chine capability necessary the intelli- 
gent setting tolerances machined 
parts and provide the basis for the 
control necessary meet the tolerances 
production operations. The control 
chart will indicate when setup being 
properly accomplished and 
machine operating improperly. The 
use the Master Control Chart with 
standard makes possible the use sta- 
tistical quality control charts machine 
rooms where many dissimilar parts are 
produced small unit quantities. The 
cost inspection and chart maintenance 
should amply repaid reduction 
waste, rework and hand fitting parts 
and increase uniformity product 


quality. 


Accurate Machine Set-up 


has already been shown that the 
greatest opportunities for improving 
wood machining operations lie ob- 
taining better machine setup. This re- 
quires not only suitable gaging equip- 
ment, but logical method for quickly 
deciding when setup correct. 
has described simple procedure for 
using sequential sampling methods 
accomplish this purpose. 
sequential plan devised based upon 
the known variability the machining 
operation involved. When the machine 


J., 1951. Application Statistical 
Quality Control Techniques Furniture Machin- 
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Burr, W., January 1949. New Method 


Part Industrial Quality Control. 


Table 3.—ANALYSIS 

Source 

Between 
Within 253 


.00000289” 


has been set up, consecutive pieces are 
measured until decision made either 
run reset. Figure shows such 
sequential plan adapted wood ma- 
chining operation. The procedure for 
setting-up with such reset-run card 
follows: 


Measure the first piece out the 
machine after setup plot punch 
its value Column the card. 
the point falls the area, stop 
and improve the setup. Otherwise, run 
another piece and measure it. 


Add the value the second sam- 
ple the first and plot punch the 
cumulative result the card. Continue 
until decision reached run 
reset. According reset-run 
cards this sort have been used very 
satisfactorily floor inspectors the 
Hamilton Standard Division, United 
Aircraft Corporation, the operation 
automatic screw machines. While 
theoretically possible continue re- 
test for indefinite period using this 
technique practice, the number 
pieces which have measured 
reach decision usually small. With 
inexperienced operators woodwork- 
ing equipment, test this procedure 


Seder, A., 1951. Chapter Quality Con- 
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Control Handbook edited Juran. 
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VARIANCE, MOLDER 
Mean 
square Significance Estimate 
00000618 2.14 Not oW?2+Noeb? 
significant 


.00000014 
.00000303 
00174 


c= 
=, 


JCURNAL FPRS 


showed the average number pieces re- 
quired measured per setup was 
and the maximum required reach 
decision reset run was 12. 


The manufacture good furniture 
requires that parts fitted properly. 
Poorly fitting parts means lack struc- 
tural integrity and inferior appearance. 
one subscribes the theory that wood 
cannot machined accurately but that 
parts must fit closely, then the only so- 
lution considerable amount ex- 
pensive hand fitting the assembly 
operation. If, however, develops that 
wood can machined accurately, this 
expensive hand fitting can reduced 
minimum. Research the Wood 
Products Laboratory North Carolina 
State College has indicated that 
possible machine wood very close 
tolerances with the aid statistical 
quality control techniques. Most wood- 
working machines have high degree 
basic accuracy. Very few them are 
operated such way take ad- 
vantage this high basic accuracy. The 
use good quality control techniques 
will permit the fixing dimen- 
sions and tolerances and operating 
accordance with these dimensions and 
tolerances. These practices can ex- 
pected produce for the in- 
dustry the advantages they have pro- 
duced for other industries: decreased 
waste, rework, and salvage 
creased uniformity product quality. 


Table 4.—MOLDER 


Percentage of 
pieces machined 
expected fall 
within specified 

limits 


Limits 
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i Nominal dimension, inches 
91.46 


Discussion 


Clement (Victoriaville Furni- 
ture Company): Before can put 
program such you have outlined, 
there not standard tolerance that 
could used the absence any 
data all? 


Bethel: The sort program 
have outlined here would logically 
later development, perhaps the second 


Survey Grades the Hardwood 


third step after starting quality con- 
trol program. 

Mr, McMahon (Nickey Broth- 
ers): Perhaps the approach Mr. 
Clements problem should develop 
machine capabilities and then use these. 
they not then produce satisfactory 
results assembling the article, new 
equipment indicated. 

Mr. Bethel: Yes, that approach might 
quite helpful. 


Plywood Industry 


JOHN BUTLER 


Manager, Laboratory and Inspection Service, Hardwood Plywood Institute, Atlanta, Georgia 


This paper discusses the results survey determine the 
points difference between grading practices the Hardwood 
Plywood Industry and grade requirements set forth the Hardwood 
Plywood Commercial Standard During the course this 
investigation, panels deemed under-grade their failure 
strictly comply with commercial standards were classified into one 
twenty defect categories indicative the reason for the rejection. 
analysis these categories reveals the need, certain categories, 
for increased vigilance the part quality control personnel and 
suggests additional need for more realistic grade descriptions. 


Introduction 


standard any industry made 
only after many reviews the basic 
text have resulted set quality 
requirements acceptable majority 
those persons associated with the 
product being standardized. These re- 
have been scrutinized 
both production 
men and the final draft, published, 
represents the combined, considered 
opinions experts their field. The 
ard, however, comes only after has 
been placed actual use. then 
that any shortcoming becomes most 
evident and basis for movement to- 
wards correction the published 
standard may obtained. 


Such was the case with Commercial 
Standard Hardwood Ply- 
wood. the months following 
effective date (Dec. 1949) there 


Plywood, Commercial Standard 
CS 35-49. 
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appeared increasing signs that many 
manufacturers were adhering grade 
designations set forth previous issues 
the commercial standard were 
deviating some manner from the 
permissible defects set forth the 
various grade descriptions. result, 
survey was initiated for the purpose 
determining the points difference 
between the actual grading practices 
the industry and the require- 
ments set forth the Hardwood Ply- 
wood Commercial Standard 


The period the survey was from 
September 1950 through April 1951. 
Data was obtained from total 
some 2,400 pancls examined eleven 
mills located five southeastern states. 


Grades Designated One, Two 
Three 


The majority manufacturers con- 
tacted were found using three 
grade designations; No. (good), No. 
(sound), No. (reject). several 
instances, however, mills using highly 
figured face veneers designated them 
perior the No. grade. Since the 
volume this grade material was 
exceedingly small, the highly figured 
veneers were not considered the 
final data, 


Toth (The Singer Company, 
South Bend, Indiana): What you 
consider accurate gauge? 

Mr. Bethel: would say that, gen- 
eral, steel rules calipers capable 
inch would adequate. 
lated jobs, such measuring 
thickness, will require instruments 
inch. 


Samplings Made Random 


The stacks plywood panels 
lected for comparison with 
grade requirements were taken 
dom from the manufacturers’ shipping 
and finishing departments. 
bore the grade designation 
mined the company’s The 
quantity and grade 
with the material available the time 
the mill was visited. 


Sample Compared With Grade Re- 
quirements CS35-49 


Using the company grader’s designa- 
tion basis, each panel was then 
examined for conformity the 
comparable grade under 
example; stack panels may have 
been designated the 
graders Grade (good) with 
Grade (reject) back. Since the cur- 
rent standard recognizes intermedi- 
ate quality back No. and desig- 
nates reject back No. the 
panels question would have been 
examined under the rules set forth for 
called No, (reject) the 
turer were found more closely 
ply with the current requirements 
No. than those for the reject 
No. grade. Grading such 
was No. basis. 


Defects Classified 


defects exceeding those permitted 
der the current grading rules 
analyzed and tabulated under one 
where more than one type 
exceeded the prescribed limits only 
single most outstanding defect was 
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for mill and for cach grade desig- 
nation examined. completion the 
survey, the frequency occurrence 
each defect classification was deter- 
mined percentage the total num- 
ber panels which defects were 
found. This was done first for all 
and then for individual grades. 
These percentages were interpreted 
the form bar graphs and are here 
presented Figures through 
Basically the bar graphs establish the 
fact that points difference exist 
between actual grading practices and 
the grading set forth 
the commercial standard and 
respect accomplish the primary purpose 
this survey. should, however, like 
pass you some additional ob- 
servations the source and appearance 
some primary defects and addi- 
tion several thought provoking facts 
which believe become most evident 
you study the graphs. 


Six Primary Defect Classifications 
Frequency occurrence any de- 
fect classification varies with each 
grade. Using Figure guide, how- 
ever, are able determine that 
majority the excessive defects en- 
countered occurred within six classifica- 
tions. order their importance, 
they may listed as: shake and 
loose cut veneers, undergrade backs, 
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UNPATCHED DEFECTS 


ors, 


unpatched defects, damage handling 
and sander defects. will consider 
each these six individually that 
attention may called the grades 
most affected them and, when appli- 
cable, the actual conditions con- 
tributing their being. 


Shake and Snerl: From the stand- 
point individual grades, this defect 
Grade faces (Fig. and Fig. 6). 
Shake appeared most often Tupelo 
Gum and was usually limited 
small panel Snerl, local term 
descriptive torn grain and usually 
associated with inherently cross grained 
woods areas immediately surround- 
ing knots burls, was general less 
objectionable than shake. Often snerl 
was almost completely sanded out and 
was discernable only slight dif- 
ference light refraction. The appear- 
ance this defect grade one panels 
was usually attributable adverse 
lighting grading departments, 


Loose Cut Veneers: This defect 
appeared rather high percentage 
all grades panels. considerable 
number panels showing this defect 
had been laid with multi-piece 
faces which one more the 
strips making the face had been 
spliced taped loose side out. Heavy 
sanding was responsible for bringing 
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the loose cutting the surface 
lesser number panels. Cases were 
also observed where variable density 
some peeler logs produced areas 
extreme looseness affecting the finished 
panel surface. 


Undergrade Backs: 
marily the back grades (No. and 
No. The primary difficulty 
encountered was with wide splits and 
knot holes slightly greater 
than permitted under the specification. 


Unpatched Defects: The common 
failing most grades was openings 
minor proportions that might hive 
been patched filled and the 
grade the panel maintained. 


Damage Handling: Although 
not specifically mentioned grading 
rules was felt that this 
was within the intent the 
ship)”. Many manufacturers were 
prised the large percentage 
showing some form physical 
age. Causes varied from the scarrin; 
faces chips and slivers 
tween faces the trim saw, 
tions left loose nails the 
and broken ends attributable 
dents shifting loads process. 


Sander Defects: Varied 
ably their nature ranging from 
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marked depression left when sander 
shut down while the panel was still 
the machine, sand through along 
che edges ends the panels. 


Classifications Can Divided 
Into Two Major Categories 


considered the twenty defect 
used this survey, be- 
apparent that they might 
d.vided into two basic categories. Those 
which are inherent the wood 
such knots, burls, shake, snerl, 
and those which are basically 
manufactured nature such dog holes, 
cutting, sander defects, defective 
patching, etc. Referring Figure 
found that when all grades were 
considered group 64.9 percent all 
defects recorded fell the manufac- 
tured defect category. This the group 
which the greatest concern plant 
quality control personnel. These defects 
are for the most part independent 
log quality and can materially re- 
not eliminated entirely, 
the application improved manufactur- 
ing techniques and other elements 
quality control. 


Application Survey Data 


Observing that several years have 
passed sin¢e the survey was completed, 
would natural question ask 


Applications 


what use has been made the informa- 
tion date. Actually, has contributed 
number accomplishments. In- 
creased activity quality control appli- 
cations certainly one result. 
which typified not only the in- 
creased vigilance manufacturing tech- 
niques they affect surface appearance 
but the ever increasing flow mate- 
rial being received the Hardwood 
Plywood Institute laboratory for rou- 
tine check bond integrity. More re- 
cently the survey information played 
part drawing the basic HPI grade 
standards governing faces and backs 
hardwood plywood. These grades are 
somewhat more realistic the capabil- 
ities present day logs 
through the use name grades sug- 
gestive the panel usage, minimize 
the confusion attendant the number 
designation the commercial standard.? 


While the HPI grade descriptions are 
considered improvement over those 
set forth they are not in- 
tended revise the commercial stand- 
ard grades. recognized that revi- 
sion can proposed only after thor- 
ough and complete analysis all prob- 
lems which revision might expected 
solve. While this first survey might 
considered step along the way, 
others must follow bring the data 
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Introduction 


THE MAJOR PROBLEMS con- 

fronting the woodworking indus- 
try today the fight maintain present 
markets for the industry’s products, 
recover old markets, and new 
ones. 

The extent which are success- 
ful this fight depends upon our abil- 
ity furnish the consumer with wood 
products the proper quality stand 
competitive with the products other 
industries trying sell the same ccn- 
sumer. The maintenance this proper 


date and provide for greater 
coverage the industry. addition, 
there are many other phases the 
standard which would have inves- 
tigated such bond requirements, sam- 
pling and testing procedures. 


Discussion 


Berry 
lender Co.): there any- 
thing that covers shipping damage? 

Mr. Butler: Only the general state- 
ment relative packing (Par. 3.2 
35-49) 

Mr. Berry: What levels are set 
for looseness cutting 
veneer percent and depth lathe 
checks. 

Mr. Butler: that 
tical application this interpreted 
mean that the face veneers shall cut 
tightly enough where lathe checks 
shall not telegraph the surface under 
normal conditions finishing and sub- 
sequent use. The guage for tightness 
cut for inner plies more liberal. 
First, the greater thicknesses naturally 
tend cut more loosely and secondly, 
degree looseness often desirable 
some species assure flat panel. 
therefore take the point view 
that veneers shall tightly cut 
possible without unduly sacrificing panel 
stability finishing qualities. 


quality-cost ratio course problem 
faced all industries free enter- 
Any new tools modern 
management has developed which deal 
with this quality-cost problem therefore 
deserve tried out industry 
Such tool which has been developed 
comparatively recent years statistical 
uality control. Some authorities have 
quality control the sharpest 
management tool developed the last 
half century. The woodworking industry 
has been slow try out however, 
compared other progressive industries, 
many them direct competitors. 
This new approach the quality-cost 
problem takes advantage the fact that 
the quality variation any manufac- 
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FIGURE 
DISTRIBUTION 
4VERAGES OF FIVE SUCCESSIVE 
ICE THROW TOTALS (THREE 
USED FOR EACH 
THROWS) 


tured product can described cer- 
tain statistical laws based the theory: 
mathematical probability. 

Statistical quality control the name 
applied group practical tech- 
niques, based on_ statistical theory, 
whereby these laws are harnessed and 
put work controlling the very quality 
variation which they are known 
describe. 

Considerable has been pub- 
lished recent years describing how 
application these techniques wide 
variety industries has led rather 
striking improvement quality with 
corresponding decrease the cost 
quality. This improvement the qual- 
ity-cost ratio has resulted from the re- 
duction defectives, scrap, rework, 
waste, and inspection 
costs. 


General Theory 


description the entire group 
practical techniques which make the 
full tool kit statistical quality control 
would beyond the scope this 
paper. Only one the most elementary, 
yet the same time one the most 
powerful these techniques will 
illustrated the applications that fol- 
low. This particular technique known 
the statistical quality control chart. 

Before deal with actual application 
this technique would first appro- 
priate least take brief look into 
some the theory behind the control 
chart, see how construct one, and 
see how this previously mentioned 
accomplished. 

you made successive throws 
three dice simultaneously, recorded the 
dice totals groups five, calculated 
the average such successive subgroups, 
the frequency distribution Figure 
would representative the variation 
you would expect get under these 
conditions. 

Now the dice are thrown 
unbiased manner and the dice them- 
selves are honest, certainly would 
true say that the observed variation 
here only that which would nor- 
mally expect due the laws chance 


ciety for Quality Control. Milwaukee, Wisconsin. 
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FIGURE 
FREQUENCY DISTRIBUTION OF THE 
AVERAGE FIVE SUCCESS 
GREEN THICANESS 
OF Xo ROTARY CUT POPLAR VENEER 


—because the laws chance are the 
only thing operating here produce 
the observed variation. 

Notice that the frequency distribution 
Figure symmetrical with respect 
its mean, has general bell-shaped 
appearance, and shows that the most 
frequently obtained subgroup averages 
tend cluster about the mean. The 
farther out toward the tails the dis- 
tribution the less the probability 
obtaining, chance, extremely large 
small subgroup averages. 


The smooth curve superimposed 
this frequency distribution has mathe- 
matical equation, and known the 
normal probability curve the normal 
curve variation. The equation appears 
have been originally developed 
Abraham Moivre and explained 
time Moivre believed had prac- 
tical applications other than solu- 
tion problems connected with games 
chance. 


Somewhat later, however, Gauss used 
the curve explain the theory acci- 
dental errors measurement 
field astronomy. For that reason, the 
curve also sometimes known the 
curve. 


Today know that the mathematical 
equation this curve explains the vari- 
ation pattern not only games 
chance and measurement errors, but 
addition amazing number widely 
different phenomena our environ- 
Examples range from the varia- 
tion patterns observed the basal diam- 
eter egg capsules certain marine 
snail the variation patterns many 
quality characteristics different indus- 

The truth this statement illus- 
trated Figure which shows fre- 
quency distribution the results 
thickness checks with dial micrometer 
the green thickness 1/6-inch 
rotary cut poplar veneer. 

the case the dice throwing 
game, Figure frequency distri- 
bution the averages subgroups 


Croxton, E., and Cowden, 1939. 
General Statistics’’, Inc. 
Ppp. 


FIGURE 


CONTROL CHART DICE THROWS 


FOR SAMPLE S1ZE=$,CONTROL LIMITS FOR AVERAGES = 
FOR SAMPLE SIZE=5, CONTROL LIMITS FOR RANGES = dy R AND 


SAMPLE AVERAGES 


five readings. Notice the similarity be- 
tween the two frequency distributions 
Both are seen symmetrical 
their means and have general 
shaped appearance. The reason that 
are alike that the same 
equation the normal law explain: 
the variation pattern both. 


This equation describes the 
ship between the magnitude 
group average and the probability 
calculated for the 
can determine, the case 
dice game for example, that the prob.- 
bility obtaining chance subgroup 
average which differed from the 
value more than plus minus 3.) 
thousand. 

The limit lines for this 99.7 percent 
probability have been drawn the 
frequency distribution Figure 
Within these limit lines then would 
expect most the subgroups averages 
fall long only the normal 
chance variation were present our 
dice game. fact would 
points fall outside these limits 
more often than three times thou- 
sand (1.000-.997). 

Therefore since this event has 
relatively small probability occur- 
ring under normal conditions, the 
event did occur would pretty 
safe concluding that conditions were 
quality control language, “‘assign- 
able has probably appeared 
the scene. the case our dice, 
might suspect biased manner 
throwing perhaps someone had 
stituted dishonest dice. 


Exactly the same analogy holds 
the lathe operation. Between the 
percent probability limits, woud 
expect subgroup averages fall 
the time long only the 
causes thickness variation are 
sent. There might thousand and 
one these little causes all work 
form the normal pattern 


Modern Statistical John Wiley 
Sons, Inc. New York, pp. 194. 
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this machine. attempt list them 
would like attempting list the 
reasons why the height rebound 
ball would never the same even 
though always dropped some 
lease mechanism located constant 
distance above the floor. 


These 99.7 percent probability 
its then form one criterion for telling 
when and when not look for 
trouble industrial process, where 
are trying control quality. 

Two different kinds errors are 
possible here may make Type 
error where waste time, money, 
and production effort looking for trou- 
ble when there really none there. 
The degree quality variation that 
caused alarm was nothing more than 
the normal pattern variation which 
inevitable for our particular process. 
Or, may make Type error 
where fail look for trouble when 
really there, and suddenly realize 
that the whole day’s production must 
scrapped, the good sorted from the 
bad, all because failed detect 
and eliminate the assignable cause 
abnormal quality variation when first 

has been found experience that 
these 99.7 percent probability limits 
form the economical breakpoints tell 
when and when not look for trouble 
that the total cost committing 
both Type and Type errors 
minimum. These limits are referred 
statistical control limits three- 
sigma limits. They can located 
measuring off distance either side 
constant obtained statistical 
tables* for given sample size, and 
the average range least 
successive subgroups measurements 
process. 

and show the same data 
from the frequency distribution and 


New York, 1st Ed. 
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QUALITY CONTROL 
CHARACTERISTIC 


CUT OAK VEWEER) 


PERCENT 


plotted control chart order 
production, the case the thick- 
ness data, and order throwing 
the case the dice data. The bottom 
part the control charts shows 
subgroup ranges plotted about their 
average value relation their prob- 
ability limit. The upper 
control limits for ranges obtained 
tively. For sample size five, 


classifying the variation two 
different ways, averages and ranges, 
you are generally position more 
effectively detect and eliminate assign- 
able causes than when either averages 
or.range used alone. 


The fact that charts contained 
points outside control limits indi- 
cates each operating under state 
statistical control. For the lathe this 
means that are getting the best pos- 
sible control thickness this particular 
man-material-machine industrial com- 
bination capable turning out. The 
basic inherent process capability 
being 100 percent realized. when 
this ideal state realized 
and you are still not meeting specifica- 
tions, the only alternatives you have 
are either widen specifications, basic- 
ally alter the nature the process 
change its natural variation pattern 
use 100 percent inspection sort out 
non-conforming product. 


The statistical control chart approach 
economical process control therefore 
has the following characteristics: 


The taking relatively small 
samples relatively frequent intervals 
concentrating early detection and 
elimination defectives. This 
contrast the traditional idea qual- 
ity control involving relatively large 
samples infrequent intervals some 
final inspection effort which attempts 
sort good product from bad insure 


outgoing quality. 


RANGE BETWEEN SAMPLES 


© AVERAGES 


Using averages and ranges small 
more sensitive indica- 
tion process changes than would 
obtained considering only individ- 
ual the sample. 

Use statistical control limits 
which harness the governing laws 
variation, and put them work 
minimize the total cost various com- 
binations Type and Type errors. 


Location control charts 
near the origin the quality varia- 
tion possible, and plotting the charts 
order production. this way 
eatly detection and elimination as- 
signable causes serious quality varia- 
tion possible soon after they appear. 


Emphasis the more dynamic 
idea control outgoing quality 
through defect prevention rather than 
relying final inspection alone ac- 
complish this function sorting out 
non-conforming product. Now let 
discuss some representative applications 
showing how these control charts are 
used. 


Use Statistical Control Charts 
for Process Control 


spite the excellent state 
control shown the green-thickness 
that thickness charts out con- 
trol sometimes. When this happens 
search for the assignable cause made 
cooperation with the operator. 
Prompt detection, identification, and 
elimination these assignable causes 
soon they appear results good 
thickness control. Assignable causes 
such charts generally catch are: wrong 
lathe set up, loose machine parts, cut- 
ting cold logs, not using large 
enough chucks when needed. 

Figure shows control chart kept 
moisture content 1/28 rift oak 
veneer emerged from veneer 

The out control condition shown 
the first part the chart indicated 
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CHARACTERISTIC MEASURED- WASTE 
CUT BIRCH VENEER 


FIGURE 


QUALITY CONTROL 
WEEKLY PERCENT DEFECTIVE 


INCHES SAMPLE AVERAGES 
CONTROL CHART 


there was excess variation moisture 


content between flitches due the 
presence assignable causes. 


From past experience know that 
the reason for unusual variation 
moisture content between flitches can 
grouped into two categories. One 
category includes unusual variation 
basic properties the raw material it- 
self which have influence drying 
such green moisture content, specific 
gravity, width, thickness. The sec- 
ond category includes variables 
drier operation such speeds, tem- 
peratures, circulation, 
The factors the first category are 
subject lesser degree control 
and compensation because materials 
handling consideration than true 
those the second category. 


When the control chart for averages 
goes out control most the time 
have found the causes the sec- 
ond category responsible, con- 
centrate our trouble-shooting effort 
there. When assignable causes the 
second category cannot found 
concluded that the out control con- 
dition probably caused unusual 
variation one more causes the 
first category and the drier controls are 
not changed. This procedure tends 
reduce the undesirable practice 
machine 
many cases actually adds the overall 
variability. 

Figure almost all the out 
differences between the 
speed-temperature-setup combinations 
used dry the same material. 
though true that there was more 
than one speed-temperature combina- 
tion which would give the desired aver- 
age moisture percent, some 
the different combinations used would 
not so. 

When this situation was pointed out 
quested the Quality Control Depart- 
ment make out 
charts for all drier foremen. 
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Using multiple correlation methods 
these set-up charts were worked out 
showing the proper speed use over 
range temperatures give con- 
stant desired average outgoing moisture 
content for all species. 

The drier foremen were instructed 
the use the set-up chart, and the 
resulting improvement control 
moisture shown the last part 
the chart once the assignable cause 
lack standardization set-up tech- 
nique had been discovered and elim- 


Use Statistical Control Charts 
for Waste Control 


The control waste vital im- 
portance the quality-cost ratio, This 
especially true the woodworking 
industry for two reasons. First the raw 
material cost relatively large part 
the total cost production. Second, 
spite increasingly efficient utiliza- 
tion methods, the total material waste 
from raw material finished product 
still quite high. 

Figure shows the control chart 
method used investigate the trim- 
ming waste resulting from reclipping 
1/20 rotary-cut birch veneer pur- 
chased from outside source. This 
re-clipping procedure was felt neces- 
sary order eliminate tapered 
pieces, and clip out occasional de- 
fects upgrade the veneer. was re- 
cognized that some trim waste was in- 
evitable this operation, but the ques- 
tion was whether the present waste was 

The trim waste was measured 
waste pieces taken random from the 
waste box under the clipper. After 
taking the measurements the quality 
control inspector plotted the results 
the control chart hanging full view 
the clipper operator. 

rather striking decrease the 
amount trim waste was realized soon 
after the chart was put up. The psy- 
played control chart 


tion clipping procedures resulted 
marked decrease trim waste. 
chart shows the average waste per pic 
was reduced from initial average 
inches down final average 
about inch where good state 
control was obtained. Considering 
width the average piece this 
Since the material was very expensive 
and since had high volume 
ation this waste reduction effected 
savings dollars which was quite 
stantial. 


Similar waste control charts are kept 
other clippers, and the floor- 
ing mill control unnecessary waste 
realized sawing out knots and other 
defects from the lumber from which 
flooring made. 


O 


O 


Use Statistical Control Charts 
for Scrap Control 


Scrap control addition process 
control and waste control also has 
important influence the quality-cost 
ratio any industry. 

example how control chart 
can used effectively scrap control 
chart weekly percent seriously defcc- 
tive plywood panels due 
sanded This percent defec- 
tive chart little different from the 
control charts previously shown that 
the quality variation here measured 
attributes rather than variabics. 
Formulas for the calculation 
limits are different. Because 
case the sample size varies the 
limits vary also. 

The chart shows substantial 
tion percent defective over 
period resulting from detection 
elimination assignable causes from 
time time. The two things 
responsible for this improvement 
better control the plywood 
machine, and also the separation all 
through plywood manufacture 
“round-up” veneer from the rest 
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the veneer. Thickness control charts 
shown that when out control 
were obtained that most came 
the veneer cut from the outer 
the log the first couple 
the lathe. This was due 
fact that the outer layer still often 
some rough spots from the 
barking operation. Another reason 
unusual thickness variation the 
few turns was that the log was 
pot generally perfect cylinder when 
put the lathe. 
Even though the volume the 
veneer was small, the harm- 
effect its excess thickness varia- 
ton would magnified were 
allowed mixed with the veneer 
from the rest the log. only takes 
one excessively thick thin piece 
cause the panel show defect due 
“sand through” “glue not stick- 

The separation round veneer 
and its use low grade panels only 
was one the main reasons for the 
decrease percent defective shown 
Figure This was case where the 
assignable cause though not eliminated 
was least compensated for. 

Similar control charts are also kept 
other plywood defects. Control 
charts weekly total percent seriously 
defective, and weekly scrap cost per 
thousand square feet are part 
Quality Control’s weekly plywood 
port The heart this 
program scrap control the weekly 
plywood defect data sheet shown 
Figure With the serious defects 
cross classified type and source 
shown, the identification and elimina- 
tion assignable causes indicated 
the control charts greatly expedited. 

Records indicate that the results 
this control chart approach scrap 
control has resulted reduction 
percent seriously defective less than 
third what was being obtained some 
years ago when statistical quality con- 
trol was first put work the scrap 
pile. 

Our percent seriously defective ply- 
wood panels currently controlled 
about percent average level which 
feel low lower than other 
comparable plywood plants. 

Considering the magnitude the 
scrap cost total shown Figure 
such reduction defectives 
through the combined efforts Qual- 
ity Control and Production also meant 
substantial dollar saving, and fur- 


improvement the quality-cost 
Ta tio. 


Important By-Products 
Control Charts 


previous examples, have seen 
control generally results 


JOURNAL 


FPRS 


QUALITY CONTROL 


DATA SHEET 


PERCENT 


SCRAP PBR. 1000 


Defect seen: Blown; bleed through; broken; dents; gap core; glue 
didn’t stick; glue pressed face; glue splicer line; hole core; 10, hole 
face; 11, knots; 12, overlap core; 13, overlap face; 14, crossband; 15, oil 
and grease 16, not cleaned up; 17, piece out face; 18, piece out 19, 
20, sanded through; 21, short core; 22, short back; 23, short face; 24, short 
crossband; 25, slivers pressed wood; 26, splits center; 27, splits end; 28, stained 
wood; 29, stopped sander; 30, rubber; 31, tape; 32, warped; 33, worm 


substantial improvement the qual- 
ity-cost ratio. However, the benefits 
achieving state statistical con- 
trol are not limited this alone. Many 
times further improvements 
savings can made changes you 
can make controlled process which 
are not possible until control ob- 
tained. 


Figure shows control chart 
the dry thickness 1/28 inch Phil- 
ippine mahogany veneers, showing 
excellent state control about aver- 
age level .038 inch. But 1/28-inch 
equal .0357 inch, This raised the 
question what you mean when 


you say you are cutting 1/28-inch 
veneer. Does the average 
should 1/28 .0357 does 
mean that the .0357 value should 
the minimum Different 
people had different ideas about it. The 
majority thought would better 
the safe side, and cut the 
none would below the 
nominal 1/28 Plywood panels 
made from the veneer would have less 
chance sanding through coming 
out thin, they said. 


frequency distribution comparison 
1/28-inch veneer cut 1/28- 
inch veneer bought showed our 


377 


1 | i 

| | 

| | 

= 


FIGURE 


QUALITY CONTROL 


CHARACTERISTIC MEASURED- 
SLICED PHILIPPINE 


FROM 
AVERAGES 
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suppliers were cutting their veneer 
average the nominal thickness, where- 
were cutting ours the min- 
imum was the nominal. Further, 
examination the daily plywood de- 
fect data sheets kept Quality Con- 
trol showed difference the num- 
ber sand throughs panels where 
face venecrs were bought 1/28 
veneer compared those where face 
veneers were 1/28 cut ourselves. 
Also the fact that had gained 
state statistical control meant that 
the long run over per cent the 
veneer cut would not contain 
pieces any thinner than .033 inch 
set our average the .036-inch 
nominal. Such reduction average 
thickness would also mean yield in- 
crease over percent this very 
valuable face veneer material. 

When all these facts were pointed 
out Production they agreed there 
was really reason why could not 
cut all our 1/28-inch veneer aver- 
age the nominal thickness was being 
done our suppliers, and orders were 
issued make this process change. 

Another interesting control chart 
by-product development concerned the 
waste control chart previously referred 
Figure 

result the analysis data 
taken plot the waste control chart this 
interesting question was raised. Was 
really necessary reclip all the pur- 
chased veneer was being done? 

Frequency distribution comparison 
between original taper present before 
reclipping final taper present after 
reclipping showed that although gen- 
eral reduction taper was obtained, 
was means completely elim- 
inated. This might mean that the taper 
each piece clipped had been reduced 
some amount less than 100 percent. 
might mean some picces the 
taper was decreased while others 
was not. Perhaps, the clipping oper- 
ation even added the original taper 
present for certain pieces. this were 
true would wasting both labor 
and material unnecessarily. 

Using another statistical quality con- 
trol technique called linear correla‘ion, 
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the answer this question was ob- 
tained. From this study was found 
that were indeed not gaining any- 
thing trying reclip certain pieces. 
fact the analysis showed that the 
inherent process capability the clip- 
ping operation itself, even though per- 
forming its best, was such that 
little taper reduction was obtained 
reclipping pieces which had original 
taper the amount lass than inch. 

Accordingly Quality 
ommendations Production was 
construct special measuring board 
which would rapidly measure taper, 
and pass without reclipping all 
pieces containing inch less ori- 
ginal taper. This was done and 
result only about half the veneer 
had reclipped whereas formerly 
all had been. further waste reduc- 
tion was therefore made above and be- 
yond the one realized through the 
direct effect the control chart de- 
creasing waste pieces which were 
clipped. 

The veneer moisture control chart 
shown Figure also had some use- 
ful by-product advantages connected 
with it. result analysis data 
contained the quality control data 
sheet from which the moisture control 
chart was plotted, was revealed that 
some cases not only were the speed- 
temperature combinations wrong from 
the standpoint obtaining desired aver- 
age moisture content; many cases 
they were not the best ones for obtain- 
ing the maximum production rates for 
the drier. These settings for maximum 
production rates were the ones 
which the proper speed was used 
dry the veneer the desired average 
moisture with the drier temperatures 
set high the veneer could stand 
without excess splitting buckling. 
Higher temperature 
speeds. The particular speed-tempera- 
ture settings recommended for max- 
imum production rates were calculated 
and incorporated into the previously 
mentioned standard set-up charts. 

Use these recommended settings 
the drier foreman resulted sub- 
stantial increase production rate 


FIGURE 


QUALITY CONTROL 


CHARACTERISTIC RATE DEVIATION 


FOR NUMBER VENEER 


SHIFT 
SHIFT 


which averaged about percent for 
all veneer categories general and 
some individual cases over percent 
increase. 

labor cost and afforded marked 
decrease the overtime 
half rates which formerly was 
enable the driers keep the ply- 
wood press supplied. 

Another improvement which 
traced the influence the mois- 
ture control chart was the changing 
the speed drive one the driers. 
Quality Control pointed out Produc- 
tion that would possible in- 
crease the heat the thin veneers 
the maximum, and still get the 
desired moisture content the 
could run faster than the fastest 
speed currently obtainable. Analysis 
the information contained the 
ity control data sheet showed that the 
saving labor cost resulting such 
change would pay for the cost in- 
stalling new speed gears inside 
6-months period. 

Figure which control chart 
the production rate this drier 
shows the resulting improvement made 
for the 1/28 inch veneers. The control 
chart out control the side 
increased production due carrying 
out the recommended design change. 
Control limits based normal varia- 
tion about the old 
standards need revised and based 
the new standards now 


Summary 


Under today’s competitive 
conditions alert management 
not afford overlook any 
which can help make the products 
their industry more competitive. 

The techniques statistical 
control have proved capable 
ing significant contribution 
effort wide variety industr 
improving the quality-cost ratio. 
foregoing illustrations show how 
same thing could done the 
working industry these modern 
ity control techniques were more 
used. 
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This advertisement appeared the 
May 15th issue Business Week 


Why this giant pipe made wood 


This 60" all-wood pipe now conveys highly corro- 
sive waste liquor from pulp mill disposal 
area. The pipe line runs above ground, underground 
and, one area, feet below river bed! 

The pipe had strong, waterproof, acid- 
resistant and flexible enough conform uneven 
terrain. Treated wood did the job! The laminated 
wood hoops, tested outward pressures 78,000 
lbs., were glued with CASCOPHEN, Borden’s water- 
proof resin glue. 


RESINS POLYMERS MOLDING COMPOUNDS 


When you need material stand weathering, 
water, mold—as well acids and 
good engineer wood and see Borden’s 
insure proper gluing. Address: The Borden Com- 
pany, Chemical Division, Department BW-54, 
350 Madison Avenue, New York 17, 
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THE STORY TREE FARMING 
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One series advertisements appearing several national magazines the 
interest better public understanding tree farming and the forest products industry. 
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CHICKAREE stand year old second growth Douglas fir tree farm. The dense 
forest has been marked for thinning. This will improve the quantity and quality the tree crop 


tree farmers work partnership with nature... 


Many useful woods for the modern homes 
today and tomorrow will always come 
from America’s tree farms. the room 
below, wood affords warmth and beauty. 
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Industrial forestlands America are one the nation’s most valuable 
natural resources. Every day, wood from these forests used 
homes, make pulp and paper, chemicals and many other products. 
Today, men and nature are working together tree farms 
continuing supply wood for the future. virgin old-growth timber 
harvested for immediate use, being replaced nature with stands 
young trees. These new forest crops must protected from fire, 
and disease until they are ready for harvesting. 

Tree farmers are also working improve the quality and quantity 
these future timber crops. Selective thinning dense young fir 
improves the growth rate and wood quality the trees left. Trees cut 
supply good wood normally lost through competition for growing 

perpetual wood supply the goal more than 4,800 private 
about million acres industrial forestland. All timberlands 
Weyerhaeuser Timber Company are managed tree farms. Write 
Box Tacoma, Washington for free copy our colorful and 
ing booklet, Tree Farming the Pacific Northwest. 


Weyerhaeuser Timber Company 
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1954 National Meeting 


Jack Koellisch, manager, Wood Wood Products Magazine, 
presents awards Ellis for Idaho winners, and 


Charles Morschauser, graduate winner. 


and Wood Products magazine, donor 
the awards. Charles Morschauser, 
University Michigan, won the grad- 
uate division certificate and cash award 
$350 for his paper “Effect 
Rays Shrinkage Red Oak.” (See 
page 280). Co-authors Robert 
McAlister and Robert Myers, Uni- 
versity Idaho seniors, received their 
certificates and split the undergraduate 
cash award $150 for collaborating 
ture Detector Determining the Mois- 
ture Content Living Trees.” 


The first annual Merit” 
citation was presented three trade 
associations and five firms the wood 
products field, “In recognition the 
assistance which each organization gave 
advancing public understanding 
the advantages, values, and uses wood 
over other materials.” The citations 
were presented the publisher 
Woodworking Digest The Hard- 
wood Exhibit, Inc.; West Coast Lum- 
bermen’s Association; National 
Office Furniture Institute; The Pacific 
Lumber Co.; Kingsford Chemical Co.; 
Bruce Co.; DeWalt, Inc.; and 
The Borden Co. Mr. Robert Van 
Kampen, president the Hitchcock 
Publishing Co., presented the awards 
the official FPRS Luncheon, Wed- 
nesday noon. 


Pres. Pauley Opens Technical 
Sessions 


The Official Technical Sessions 
the eighth national meeting were 
opened Thursday morning the 
1954 FPRS President Robert Pauley, 
Weyerhaeuser Timber Co., Tacoma, 
Wash., under the technical program 
direction Lester Carr, Carr 
Co., Sacramento, Calif., incoming 
some papers covering packaging, 
composition board, wood ma- 
and wood drying 
sented, 


FPRS 


(Continued from page 15-A) 


winners background. 


the 8th Annual Business Meeting, 
Thursday forenoon, newly-elected offi- 
cers, board members, and nominating 
committee for 1955 were announced 


Incoming president Carr gives out- 
going president Bob Pauley 
reception. 


the Chairman the Tellers Commit- 
tee, Kenneth Chesley, Crossett Lum- 
ber Co., Crossett, Ark. 


New Officers and Board Members 
Announced 


Lester Carr automatically 
ceeded the presidency FPRS. 
Elected the office 
was Christian, Director Re- 
search, Chicago Mill Lumber Co., 
Tallulah, La. Elected Vice-President 
was Ralph Bescher, District Man- 
ager Sales and Operation, Wood 
Preserving Division, Koppers Co., Inc., 
Pittsburgh, Pa. Elected Northwest Re- 
gional Board Member was John 
Ritchie, Allied Products Director, 
Douglas Fir Plywood Association, Ta- 
coma, Washington. Elected Northeast 
Regional Board Member was Frank 
Parrish, Experimental and Development 
Manager, Heywood—Wakefield Co., 
Gardner, Mass. Elected serve the 
1955 National Nominating Committee 
were: Arthur Anderson, University 
California School Forestry, Ber- 
keley, Calif.; George Marra, Divi- 


Receiving Woodworking Digest awards are, r., John Reno, Mrs. 
Russert, VanKampen, the publisher, and Ted Connelly. Other 


sion Industrial Research, Washing- 
ton State Institute Technology, Pull- 
man, Wash.; Herbert McKean, 
Director Research, Potlatch Forests, 
Inc., Lewiston, Idaho; and Frederick 
Wangaard, Professor, Yale School 
Forestry, New Haven, Conn. 


Thursday noon the Hotel Pant- 
lind the Section Officers Advisory Com- 
mittee and Executive Board held their 
annual joint luncheon and meeting. 
Student member benefits, cross-indexing 
the FPRS Journal, unified Section 
accounting system, release details 
the plans for the executive office build- 
ing, periodic charted reports Sec- 
tions, clearance proposed Section 
meeting dates through Executive Office, 
Supporting Member privileges, and 
other items were discussed. 


Thursday evening over one thou- 
sand persons filled every available meet- 
ing room the Hotel Pantlind for the 
traditional FPRS Suppliers “Paul Bun- 
yan Hour’. The Hour this year was 
again sponsored over suppliers 
the forest products industry. Follow- 
ing the Paul Bunyan Hour 
mated 500 persons attended the annual 
“FPRS Party” the Civic Auditorium. 
Every available place was taken and 
many persons had reluctantly 
turned away the last moment. Paul 
Bunyan Hour sponsors this 
cluded: 


The Louis Allis Co., Milwaukee, 
Wis. 


American Cyanamid Co., New York, 


Aries Fiberboard Corp., New York, 


The Bahnson Co., 

The Black Bros. Co., Mendota, 

The Borden Co., New York, 


Buss Machine Works, Holland, 
Mich. 
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1954 “Paul Bunyan Hour” Sponsors 


(Continued from page 23-A) 


The Niagara 


Falls, port, Pa. 

The Coe Manufacturing Co., Paines- Hiller Stuart Co., Grand Rapids, 
ville, Ohio Mich. 

Clark Equipment Co., Battle Creek, Hitchcock Publishing Co., Wheaton, 
Mich. Ill. 

Cleworth Co., Battle Irvington Machine Works, Portland, 
Creek, Mich. Ore. 


Drake Corp., St. Louis, Mo. 


Moore Dry Kiln Co., Jacksonville, onto, Canada 


Curt Joa, Inc., Sheboygan Falls, 
The Dow Chemical Co., Midland, Wis. 

Mich. Jones Superior Machine Co., Chi- 
Fay Egan Co., Cincinnati, cago, 

Ohio 


Kennametal, Inc., Latrobe, Pa. 
Fjellman Winther Co., Joliet, 


Greenlee Bros. Co., Rockford, Cincinnati, Ohio 


Hermance Machine Co., 


James Donnolly Co., Ltd., Tor- 


Kirk Blum Manufacturing Co., 


MOST PROFITABLE 


WAY DISPOSE OF® 


BIG MARKET FOR GROUND WOOD. Chip board and many other ground 
wood products offer tremendous market for waste wood—but manufac- 
turers these products demand uniformity quality and size—require- 
ments that Williams hogs are fulfilling dozens plants. Whether the 
wood scrap you sell chips, sawdust flour, Williams will produce 
more, faster, with less labor, power and upkeep. 


BIG INCREASE HEAT VALUE. Wood waste for fuel yields more heat 
when hogged Williams for uniform, complete combustion. Unhogged 
wood restricts air flow, smothers the fire, burns unevenly, creates excessive 
smoke. Williams equipment also reduces handling costs much 75%! 


When hogged, one man can handle much three men can handle 
long, cumbersome pieces. 


WILLIAMS AUTOMATIC INSTALLATIONS EARN PHENOMENAL PROFITS 
when used for hogging and conveying wood waste boiler stoker—or 
for grinding, separating and packaging ground and sized wood. 


Ninth St. 
St. Louis 6, Mo. 


WILLIAMS PATENT CRUSHER PULVERIZER CO. 


WILLIAMS 


Electronics, Tacoma, 
Wash. 


Machinery Co., Oshkosh, 
Wis. 
Masonite Corp., Chicago, IIl. 


Mattison Machine Works, Rockford, 
Ill. 


Mereen—Johnson Machine Co., Min- 
neapolis, Minn. 


Lockport 


Moisture Register Co., Alhambra 


Monsanto Chemical Co., St. Louis 
Mo. 


Monical Machine Co., Grand Rapids 
Mich. 


National Casein Co., Chicago, 


Nelsonite Products, Inc 
Grand Rapids, Mich. 

Newman Machine Co., Inc., Greens 
boro, 

Oliver Machinery 
Rapids, Mich. 


Machine Works, Ch: 
cago, Ill. 


The Pacific Lumber 


Calif. 
Perkins Glue Co., Lansdale, Pa. 


Powers Wire Products Co., Monroe. 
Mich. 


Protection Products Mfg. Co., Kala- 
mazoo, Mich. 


Red Lion Cabinet Co., Red Lion, 


Reichhold Chemicals, Inc., Whit: 
Plains, 


Rockwell Mfg. Co., Pittsburgh, 

Rohm Haas Co., Philadelphia, Pa. 

Root Co., York, Pa. 

Sheboygan Machine Co., 
Wis. 

Simonds Saw Steel Co. 
Mass. 


The Smith Co., 
Ind. 

Tenn. 

Stetson—Ross Machine Co., 
Wash. 

The Tannewitz Works, 
Rapids, Mich. 

Union Tool Corp., Warsaw, Ind. 

Wolverine Finishes Corp., 
Rapids, Mich. 

Whitney Son, Inc 
Winchendon, Mass. 


The Williams Patent Crusher 
verizer Co., St. Louis, Mo. 


SHREDDERS 


OLDEST AND LARGEST MANUFACTURER HAMMER MILLS THE WORLD 


Machine 
Beloit, Wis. 
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Write for Brochure 
e Vibratin r Ai i 


W-180 MEDIUM DUTY ROUTER 


JOURNAL 


consistently high speed 


with routers and shapers 


Onsrud precision woodworking machines 
turn out work high production speed, 
yet maintain accuracy equal the pattern 
every part produced. 


Their ability perform fast and effi- 
ciently any production job the result 
outstanding design and careful work- 
manship incorporated into every Onsrud 
machine assembly. Combined with host 
operating features that make set-up and 
operation simple and easy, these machines 
pay their way over and over again 
any shop. 


3954 WEST PALMER STREET 


W-244 HEAVY DUTY ROUTER 


FPRS 


W-250 HEAVY DUTY SHAPER 


Design features including unusually high 
spindle speed, spindle vacuum pulley, auto- 
matic belt tension, two speed motors, and 
life lubricated bearings make Onsrud ma- 
chines the leaders their respective fields. 


These facts are important today because 
competition within, well outside 
the woodworking industry, calls for the use 
every technique that will increase pro- 
duction and keep costs down. Call write 
for more information the complete 
Onsrud line, for lowering production costs 


ONSRUD MACHINE WORKS, 


CHICAGO 47, ILLINOIS 


WA-50 AUTOMATIC SHAPER 
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The Woodworkers’ Industry Show 
running from 9:00 a.m. 9:00 p.m. 
and the FPRS technical sessions domi- 
nated the final day the meeting. 
Sessions and the morning had 
twelve papers presented glues and 
gluing, and general subjects. Sessions 
VII and VIII covering wood finishing 
and quality control included ten papers 
their programs. 


Employment Service 

The informal FPRS employment 
service the meeting was conducted 
Prof. Newell Norton, Professor 
Wood Utilization, Pennsylvania 
State College, State College, Pa., from 


nine eleven Thursday and Friday 
mornings. Five positions were listed 
companies seeking employees and 
eleven applicants sought positions. 


Outstanding Ladies Program 


Seventy-seven wives FPRS members 
and guests registered for the Ladies’ 
Program which started Tuesday eve- 
ning, May 4th, 8:00 p.m. with hu- 
morous readings and character sketches 
Miss Nancy Blue. This informal 
coffee hour gave the wives FPRS 
members opportunity meet some 
the women community leaders 
Grand Rapids. 


147 East Becher Street 


The FILER STOWELL Co. 


Milwaukee, Wisconsin 


BUILDERS COMPLETE LINE SAWMILL MACHINERY SINCE 1856 
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National Meeting Chairman 
son names those who worked hard mak 
meeting success. 


Wednesday, May 11:00 a.n 
the women enjoyed brunch 
Continental Room the Hotel Pani 
lind. Mrs. Paul Goebel, note. 
Michigan columnist, lecturer, 
the former mayor Grand Rapids 
presented her thoughts 
the Johnson Furniture Exhibit Room. 
was conducted with commentary 
designer Renzo Rutilli. 

Thursday, May the women 
joyed the day visiting the 
Show Room, The Guild, The 
Exhibit, and the 
showrooms, 5:30 p.m. the 
Bunyan Cocktail Hour 
for the pleasure FPRS 
wives, and guests. The women joined 
their husbands the FPRS Party 
Banquet that evening. Particularly 
teresting were the many door prizes ar- 
ranged for Mrs. Lillie 
Grand Rapids manufacturers which 
generally included items furniture. 
Dancing the Moca Room the 
Hotel Pantlind followed the Party. 

The ladies went Holland, Mich- 
igan the final day the meeting where 
they visited the Baker Museum 
antique furniture, the Netherlands Mu- 
seum, and viewed the famous Holland 
tulip gardens full bloom. They en- 
joyed luncheon the Warm Friend 
Tavern and returned via the Lake Shore 
Drive the afternoon. 


1954 National Meeting Committee 
Deserve Big Hand 

Here they are: Fred 
Chairman; Steve Pryce, 
George Herrity, Publicity; Steve 
ton, Finance; Helen Gleason, 
program; George Meier and Virl Ma:- 
shall, Signs; Bob Milham, plant 
Vic Barnes, Sam Tamminga, 
Kenaga, Herf Garland, John McPhe 
Bill Martin, Bert Baker, Wayne 
ins and all the official hosts; 
finally, Mrs. Pryce and Mrs. Lillie, 
ably assisted Helen Gleason, 
Mmes, Dickinson, Preston and all 
ladies who participated the ladi 
program. Congratulations you all 
fine job. 
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Exclusive Kirk Blum Plenum Main Systems large 
North Eastern Toy Manufacturing Plant. 


Dust Collecting Systems 
American Mfg. Concern, 
Falconer, N. Y. 


OURNAL FPRS 


Exterior collectors save 
plant space the Mor- 
ganton Furniture Co., 
Morganton, 


SOLVE YOUR 
DUST CONTROL PROBLEMS 


For years, Kirk Blum has specialized the DESIGN, 
FABRICATION and INSTALLATION efficient, depend- 
able systems for the removal dust and fumes. 


DESIGN: Kirk Blum engineering specialists survey your 
plant and then design your system, selecting equipment most 
suitable for your problem. 


CONSTRUCTION: Kirk Blum fabricates the complete system 
(equipment excepted made” for your installation. 


INSTALLATION: The Kirk Blum contract includes responsi- 
bility for the entire system, installed mechanics with years 
specialized experience the installation such systems. 


result, you have one undivided responsibility—one 
complete contract for installed system, ready The 


Kirk Blum Mfg. Co., 3231 Forrer St., Cincinnati Ohio 


FOR CLEAN TOOL 


DUST FUME CONTROL SYSTEMS 
WRITE FOR ANY THE FOLLOWING BOOKLETS: 


“Blower Systems for Woodworking Plants” 
“Fan Systems for Various 


streamlined 
Tapered Main Sys- 


tem for the Sports 
Products Co., Cin- 


cinnati, 


This cluster Cyclones collects sawdust, shavings and chips the 
Bernhardt Furniture Co., Lenoir, N. C. 
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the Koppers Technical Laboratory 


Koppers pressure-treated wood products have 
proved their worth giving customers long and 
satisfactory service. But Koppers doesn’t rest 
its laurels. its Technical Laboratory Orrville, 
Ohio, Koppers works improve its products 
that they will even better job. 

Here, one the most complete and best 
equipped wood-treating laboratories the world, 
Koppers technicians conduct exhaustive tests 
the prevention wood deterioration. 


KOPPERS 


Wood Preserving Division, Pittsburgh 19, Pennsylvania 


KOPPERS COMPANY, INC. 


man-made “tropical jungle” accelerates the 
rate decay wood and thus provides samplings 
for study. Impact-testing machines determine the 
loss strength caused the various agents that 
attack wood. There battery pressure cyl- 
inders for impregnating wood with various preserv- 
atives and for testing all known treating procedures. 

This continuing program research another 
way which Koppers hard work make 
wood serve industry better and more economically. 


OCTOBER, 
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Report FPRS 1954 Annual Business Meeting 


EIGHTH ANNUAL business meet- 

ing, held the Red and Gold 
Room the Civic Auditorium, Grand 
Rapids, was called order presi- 
dent Robert Pauley, 11:30 a.m., 
hers were attendance. 


Minutes Previous Meeting 


The preceding annual business meet- 
ing was held Memphis, Tennessee, 


June 15, 1953; and the minutes were 


published the December Journal, 
FPRS. corrections additions hav- 
ing been offered, was duly moved, 
seconded and passed that they 


accepted. 


Annual Report Executive 
Secretary 


During fiscal year 1954, ending 
March 31, 1954, FPRS’ net member- 
ship was increased from 2,284 2,634 
members 15.3 per cent. Since March 
31, have added new members 
bringing the total 2,683 members 
convene here Grand Rapids. This 
the highest, and have been proud 
make this assertion for three con- 
secutive years, total our history. 
now have members all states, 
possessions, Canada, and most 
free nations the world. 


Financially, started the fiscal year 
1954 with cash balance $29,032, 
which $6,088 was accumulated sur- 
plus for some needed future Dur- 
ing the year our total receipts amounted 
$74,836 and our total expenditures 
$74,353 including $500 deposit 
piece real estate for the proposed 
new office building. Accounts receivable 
amounted $823, and accounts pay- 
able, $72. Our cash balance 
April 1954 amounted $24,516 
plus $5,000 short term investment. 
this balance $20,100 was accounted 
for pre-paid dues, and $7,119 
surplus. other words, added ap- 
proximately $1,000 our surplus 
1953. 

Technical activities reached 
time high f.y. Particularly 
noteworthy has been the splendid 
tivity FPRS thirteen subject matter 
committees, and the continually improv- 
ing content the Journal, FPRS. 

Members received more pages 
information, better quality, than 
the previous year. For the first time, 
‘he Journal was placed regular, 
schedule. 

Executive office work increases our 
organization grows. The executive board 
the addition full-time 
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John Ritchie invites members '55 annual meeting Seattle. 


administrative assistant, bringing 
total staff five full-time and two 
part-time employes. 

Twelve our sections the 
and Canada held one more 
meetings during the f.y. 1954. Twenty- 
three meetings were held f.y. 1954 
compared f.y. 1953. The 
Pacific Northwest Section took the indi- 
vidual section lead this year holding 
four meetings, followed Northeast, 
Eastern Canadian and Pacific Southwest 
with three cach. The accompanying 
table lists these meetings along with 
their principal features. 


President Pauley was the guest 
honor number our meetings 
the west, midwest and south. Unfor- 
tunately the press business matters 
prevented him from attending several 
meetings had scheduled Canada 
and the east. The executive secretary 
staff attended meetings the Ohio 
Valley, Midwest, 
bama, and Upper Mississippi Valley 
sections. 


The Seventh Annual Meeting the 
Society held the Peabody Hotel, 
Memphis, Tennessee, was 
During two-and one-half days total 
424 members and guests were 
registered. 


Your hard-working executive board, 
the members which are not person- 
ally reimbursed for their time, effort 
and expenses, rolled their sleeves 
two and three-day meetings three 
occasions during the year: Memphis 
June, Denver September, and Madi- 
son this March. Major actions included 
program cooperation with the 
1954 Woodworkers Industry Show, re- 
view and strengthening executive 
office staff requirements, establishing 
permanent national office building 
the Society Madison, expansion 


the Journal six issues yearly, increase 
student member services and expan- 
sion subject matter committees. 
Observed whole, FPRS has had 
another banner year under the fine 
leadership executive board, section, 
and committee personnel backed the 
solid support enthusiastic mem- 
bership. are growing and shall con- 
tinue grow more strongly each year. 


Report the Audit Committee 


The committee consisting Charles 
Thompson, Herbert Fleischer 
and George Johnson, Chairman, 
met with accountants Victor Hobert and 
Dan Richmond, and the executive secre- 
tary Madison April 30. ex- 
amined the records and reported that 
the balance sheet and 
ment, shown separately, reflected 
true summary the financial transac- 
tions the national organization for 
the year. pointed out that the audit 
does not reflect the entire picture 
the sections relation the national, 
and does not cover the finances the 
sections. recommended that counsel 
obtained determine legal relation- 
ship between national and sections with 
particular respect financial liability, 
and that the By-laws strengthened 
with respect submission section 
annual reports. 


Report Publications Committee 


This committee, consisting Eric 
Vice Chairman, and Locke, 
Chairman, reviewed its progress. The 
chairman discussed the establishment 
the reviewing committee composed 
some 100 authorities covering differ- 
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FPRS MEETINGS, FISCAL YEAR 1954 


Date Section Event Place Subject 
Mar. 5, 6 Eastern Canadian____- Toronto, Ontario___- | Treating methods, waste utilization, veneer 
Mar. Northeast Extenion.—- Boston, Mass. Wood trusses, beams, laminated structures 
Apr. 16, 17 | Ohio Valley _| New Albany, Ind. & 
Seasoning, utilization, electronic gluing, 
finishing 
Apr. 28 Pacific Northwest ______- Eugene, Oregon_-__-_ Hardboard, pulp chips from waste hog fuel 
May 6 Northern California_ San Francisco - Log barking 
May 7, 8 Northeast ___ ss Portland, Maine_ Efficient log and lumber processing and 
utilization 
May 20 Pacific Southwest_ Los Angeles_- - Statistical control of furniture manufacture 
June 15-17 7th Memphis, Tenn. Diversified programs. Attendance 424. 
July 23-24 | Midwest__._._-_-_----- Madison, Wis.__ Wood-paper-resin forum 
Oct. 5-6 Upper Mississippi... _..| Duluth, Minn. _ Portable debarking, wood procurement 
Oct. 9 Ohio Valley - ___.| Cincinnati, Ohio_- Veneer, carbide tools, research 
Oct. Bremerton, Patents, laminating, adhesives, seasoning, 
Navy wood applications 
logging and utilization 
Oct. Eastern Montreal, Birch plywood grades 
Oct. 30-31 Fla.-Ga.—Ala.__________| Radium Springs, Ga._ | Chemical utilization 
Nov. 3 Great Lakes____ ._...| Grand Rapids, Mich._ | High frequency heating 
Nov. 9,10 | Deep South Lufkin, Texas_------ ee chipping, semi-chemical 
pulping 
Nov. 5, 6 Northeast ___- .| New Haven, Conn. -- | Woodworking industry’s unsolved prob- 
lems common interest production, 
management and education 
Nov. 12, 13 | Midwest___ __...| Chicago, Illinois_ Wood vs. competition 
Feb. Portland, Furniture and door manufacture; Hard- 
board Division meeting. 
Feb. Los Moisture forest materials and end 
products 
Mar. 4, 5 Eastern Canadian______-| Ottawa, Canada__-_- | Plywood, grading rules, high temperature 


phases forest products. also 
discussed the adopted program for sub- 
stituting abstracts for preprints 1955, 
and the replacement the Annual 
Proceedings issue the Journal with 
The latter published closer 


drying, laminated construction, contain- 
ers and pallets, moulded plywood boats, 
short log bolters 


the start the calendar year, and will 
contain summaries annual progress 
subject matter classification 
ported our subject matter commit- 
tees. The annual papers will 
appear throughout successive issues 
the Journal thereby getting this infor- 


mation the membership earlier than 
otherwise possible. The chairman also 
described the trends toward publishing 
more contributed papers and the up- 
grading review publishing 
standards, the overall objective 
which establish Journal which 
can take its place alongside the finest 
other and longer established 
ties than ours. 


Report the Building 
Committee 


Eason, chairman, outlined the 
progress which has thus far been 
toward erection national 
office building Madison. Real estat 
the amount $9,500 has been pu: 
chased and paid for; and preliminary 
plans for the architecture the build- 
ing have been approved. The 
will fire-retardant treated frame 
struction and will embody many 
newest principles construction 
forest products materials. 


Report the Membership 
Committee 


Our membership growing 
ever increasing rate. has more than 
doubled the last years, from 1200 
members 1948 2700 present. 


WOOD PRESERVATIVES 


DECAY! 


STAIN! 


TERMITES! 


MOISTURE! 


5137 Southwest Ave. 
St. Louis 10, Mo. 


for every purpose 


SALES AGENTS 


MONSANTO CHEMICAL CO. 
SANTOPHEN (Pentachlorophenol) 


WYANDOTTE CHEMICAL CO. 
NOXTANE (Sap Stain) 


EFURD MACHINE WELDING CO. 
HURRICANE 
Framers, etc. 
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MACHINES YOUR PLANT MEANS 


HIGHEST PRODUCTION 
MAXIMUM QUALITY 
LOWEST PRODUCTION COST 


LEADERSHIP THE 
PLANER MATCHER FIELD 
SINCE 1907 


THE most profitable planing mills 
operation today are those planned 
for continuous straight-line produc- 
tion and minimum lumber handling. 
The heart such production line 
quick-change, fast feed modern 
planer and matcher that produces 
finely machined lumber—and does 
full hours per shift. There 
place today’s planing mill for 
the machine that ties production 
half hour more each time 
pattern changed. 


TRAVELING APRON DECK-CONVEYOR 
603-E UNLOADER HOIST 


New machine developments dur- 
ing the last years have 
made the equipment earlier 
era obsolete—obsolete long before 
worn out. 


you are using ancient machines 
your planing mill just because 
they aren’t worn out yet, suggest 
that you honestly compare the equip- 
ment you are now using with the 
available new equipment the 
market. Then, determine how much 
this obsolescence actually costing 
you. 


T-33 RANDOM LENGTH TRIMMER 
with built-in top and bottom dust removal system 


believe you will agreeably 
surprised the many years-ahead 
features found Stetson-Ross cost- 
reducing planing mill machines. 


You are invited submit planing, 


trimming handling problems for our 


recommendations 
FREE REQUEST: Your copy 
Planing Mill Layout.” 


T-18 CUT-OFF SAW 
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PLANER and MATCHER 
Knife) 


202 TWO-WAY THICKNESSING PLANER 
and MATCHER 
(14 Knife) 


PLANER AND MATCHER 
(14 Knife) 
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During the last year membership 
drive efforts have been very productive. 
have obtained 569 new members 
fiscal year 1953. This the result 
strong campaign the section level 
cooperation with the national office. 

The total new members joining 
not the whole story because also 
lose some members due change 
occupation, resignations, non-payment 
dues and death. The net gain new 
members over the removals increas- 
ing each year. Although 219 members 
were lost f.y. 1953, added 569 
new members for net gain 350. 

significant that the Society 
grows and becomes better organized 
with improved meetings, publications 
and services, not only more new 
members join up, but fewer resign. 
can compare the 219 removals 1953 
with removals approximately 400, 
350, 400 and 450 the four previous 
years. The number dropping out the 
Society 1953 was about one-half 
the previous annual rate. 

The net gain was doubled last year; 
350 1953 compared with approxi- 
mately 150, 100 and 150 the three 
year. 

Time does not permit naming all the 
men section membership commit- 
tees, But would like give credit 
all them and recognize the follow- 


For Fast, Operation 


ing section membership chairmen: 
Bruce Anderson, Florida-Georgia—Al- 
abama Section; Vern Bergquist, Mid- 
west; Paul Graham, Northeast; Pete 
Garratt, Ohio Valley; Walter Lear, 
Deep South; Earl McCarthy, Pacific 
Northwest; Axel Pedersen, 
Southwest; Dr. Joseph Risi, Eastern 
Canadian; Jim Rowney, Northern Cal- 
ifornia; Walt Smith, 
peake; Sandy Stuart, Great Lakes. 

should also give credit the 
professors and workers the schools 
and colleges for their work mem- 
bership and the national office for 
their help coordinating the entire 
program.—FRED ARMBRUSTER, 
man. 


Report 9th National Meeting 

Committee 

Chairman, John Ritchie, reported 
the 1955 Annual Meeting held 
the Olympic Hotel, Seattle, Wash- 
ington, June Preliminary plans 
call for two full days technical ses- 
sions; one subject matter committee 
meetings; highlight Lake Washing- 
ton Puget Sound cruise with dinner 
aboard; and possible field trips 
Simpson and Weyerhaeuser Company 
operations. complete ladies program 
envisioned, and the event being 
tied with our members’ vacation 
plans. 


Report Subject Matter 
Committees 


General Chairman, Moss Chris- 
tian, announced that all committees 
the Society had conducted meetings 
Grand Rapids and their reports 
would subsequently made available 
the membership. (For these reports, 
see pages During f.y. 1954 two 
new committees, Marketing, and Ve- 
neers and Plywood, have been sanc- 
tioned the executive board. addi- 
tion, seven our committees have 
been directly responsible for, and 
conducting the technical sessions this 
meeting. Mr. Christian emphasized that 
meetings subject matter 
are open for all members attend. 
introduced the new coordinating chair- 
man for subject committees, Ralph 
Bescher. 


Upon motion duly made 
onded all the foregoing reports were 
unanimously accepted. 


recognition that the success 
this Eighth Annual Meeting the 
Forest Products Research Society 
large measure due the foresight, 
planning, and diligence the various 
responsible committees, and 
ular the Grand Rapids meeting com- 
mittees. 


Dry Kiln Doors 


Universal 
DOOR CARRIER 


removing and replacing 
kiln doors simple, one-man job re- 
quiring only seconds! This fast, 
efficient method also helps save your 
doors—by supporting the weight uni- 
formly eliminate stresses and 
strains, and gentle (though speedy) 
handling. There’s Universal Carrier 
handle any size and weight door 
with ease. Let show you how 
reduce your heavy doors feather- 
weights! 


the world over since 


DOOR 


1117 Cornell Avenue 


CARRIER, INC. 


Indianapolis Indiana 
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resolved that the Society hereby 
acknowledges its appreciation the 
Chairmen and the members those 
committees for their excellent 
cessful work. 


appreciation the meritorious 
services that they have rendered the 
Forest Products Research Society dur- 
ing their period office. 


resolved that the gratitude 
the Society extended all our 
out-going officers including executive 
officers, Regional Board Members and 
Section Officers. 


service rendered the annual meeting 
two our members who had 
sight and initiative organizing the 
Hiller and Stuart Company and who 
successfully promoted and conducted 
most outstanding Woodworkers Equip- 
ment Show, 


resolved that the gratitude 
the Society and its membership ex- 
tended Robert Hiller the Amer- 
ican Cyanamid Company and Alexander 
Stuart the John Widdicomb Com- 
pany for their splendid coordination 
and services rendered conjunction 
with the annual meeting the Forest 
Products Research Society. 

view the splendid coopera- 
tion and services provided our host 
hotel, The Pantlind, and neighboring 


hotels helping make this annual 
meeting success, 

resolved, that the appreciation 
the Society extended the man- 
agement and the entire staff and that 
copy this resolution forwarded 
the Hotel. 


The Society records with deep 
regret the passing during the past year 
the following members: 


Don Quinn 

Bierbusse 
Gustavus Esselen 
Donald MacKinsie 

Sweet 

Dr. Horace Hall 
Jacques Beinfait 
Thure Duvall 

Charles William Grindell 


resolved that this expression 
sympathy the families and friends 
these men included the permanent 
records this meeting and the So- 
ciety. (Those assembled observed 
moment silence)—A. Mottet, 
Warner, Roy Carter, Chair- 


man. 


10. Report the Tellers Committee 


Your tellers committee composed 
Harold Evans, Forrest Beil, Erick- 
son, James Hamilton, and the chairman 


obligation. 


Engineered Wood Parts Southern and Appalachian 


Hardwoods, Walnut, Mahogany. 


GAMBLE BROTHERS, Inc. 


Offices and Plant: LOUISVILLE KENTUCKY 


Write today! 


have counted the ballots and report the 
following elected: 
Moss Christian; Vice President, 
Ralph Bescher; National Nominat- 
gaard; Northeast Regional Board Mem- 
ber, Parrish; Northwest Regional 
Member, Ritchie. Sub- 
mitted Chesley, Chairman 

Upon motion duly made 
onded, the report was accepted. 


11. Introduction New Officers 


Retiring President Pauley 
edged retiring board members Fred 
Chesley, and introduced incoming 
Parrish and Ritchie, and 
Carr. paying tribute 
president Carr’s past services the So- 
ciety noted work organ 
ing our two California sections, serv 
national membership chairman, and 
currently national technical 
chairman. 


12. Adjournment 


After acknowledging his introduction 
and referring back once again Ais 
remarks concerning his high esteem 
the previous administration 
Pauley, President Carr declared 
the meeting adjourned 12:00 p.m. 


Check 
GAMBLE BROTHERS 


Their fifty years leadership wood 
engineering will help you solve your 
production and redesign problems without 


They can fill your needs for solid laminated 
hardwood parts finished, 
Appalachian hardwoods, walnut and 
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Phenolic, resorcinol and Soya, soya-blend 


urea resins and adhesives and casein glues 


for the plywood, hardboard, 
woodworking, paper and 
other industries 


Product uniformity, service and research for 
better utilization wood and other materials 


AMERICAN-MARIETTA COMPANY 


ADHESIVE, RESIN AND CHEMICAL DIVISION 


3400-13th AVE. S.W., SEATTLE WASH., ELLIOTT 3311 
FOOT KEARY STREET, NEW WESTMINSTER, 
101 EAST ONTARIO STREET, CHICAGO 11, ILL. 
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KENNAMETAL*—the carbide developed 
for cutting steel shows outstanding 
results woodworking operations 


Extremely hard, abrasion-resistant 
Kennametal has proven outstanding for 
cutting steel and other hard, abrasive 
materials. wonder that, wherever 
used woodworking operations, consist- 
ently outperforms tool steel cutters, 
increases productivity, reduces unit cost 
and produces better finish. 


Kennametal’s remarkable performance can 
obtained cutting all types wood, glue 
joints and specialized synthetic materials 
such as: plastic impregnated fabrics, wood 
laminates and mineral-type insulations. 
fact, the machining these synthetic 
materials economically impossible without 
the use today’s modern carbide tooling. 


Our engineers are working closely with 
manufacturers woodworking machinery and 
tools the application Kennametal 
woodworking operations. Performance data 
now available several interesting 
applications. 


you cannot obtain engineering service 
maintenance information regarding 
Kennametal from your present tool sup- 
plier, write direct KENNAMETAL, INC., 
Latrobe, Pennsylvania. And, when 
ordering blades and cutters, sure 
specify Kennametal. 


*Registered Trademark 


INDUSTRY AND 


KENNAMETAL 


SAW TIPS SHAPER BLADES 


PLANER BLADES ROUTER BITS 
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1954 FPRS Subject 


FPRS most growing activ- 
ities its Subject Matter Com- 
any all which, any 
the Society may participate. 
responsibilities include: 

tween the field, the Society and its 
members through meetings, corre- 
spondence and 
Work with annual meeting 
program chairman planning and 
sion scheduled the Executive 
Board. 


hold annual meeting con- 
junction with the national 
meeting for purpose reviewing 
accomplishments and planning fu- 
ture 

Prepare annual report research 
and developments which have taken 
place this field during past year. 
Also prepare bibliography in- 
teresting articles published the 
field during past year and far 
back the committee desires 

Develop such specific material and 

engage such activities within the 

scope the considered 
appropriate for the Society. 


EDUCATION May Acting 
Chairman, Panshin, Michi- 
gan State College 


persons attended the meeting 
which was opened the chairman 
calling upon Mr. Deckert for his 
committee report the feasibility 
standardization titles for graduates 
the forest products and wood technology 
curricula, The discussion that followed 
confirmed the committee’s conclusions 
that any proposals for standardization 
names for the graduates the forest 
products and wood technology cur- 
ricula are premature. 

Dr. Robert Hess suggested that 
the education committee could attempt 
develop programs for (a) training 
for technical positions, (b) 
for production work and (c) training 
for office work (personnel and indus- 
trial engineering). 

Professor Bryant said that the 
problem mostly that getting some- 
train. Representatives other 
schools agreed that one the most 
students the forest products 
course, 

Dr. Wangaard suggested that 
the need for dissemination informa- 
two directions: (a) Informa- 
the employers the need for 
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Matter Committee Reports 


Attending the annual meeting Subject Matter committee chairmen were above, first 
row, left right: Patronsky, Wood Machining; Alan Marra, Glues and Gluing; Ralph 
Bescher, FPRS vice-president and coordinator subject matter committees; George Marra, 
Composition Board. Second row: Locke, Publications; Christian, FPRS president- 
elect and past coordinator subject matter committees; Donald Lubeck, Finishing; Charles 
Latimer, Quality Control; Frank Parrish, Northeast Regional Board Member; Roy Carter, past 
and Reavis Sproull, Chemical Utilization. Third row: Fleischer, Veneers and 
Plywood; Carr, FPRS president; Phil Creden, Marketing; Fred Simmons, Logging and 


Milling; 


Peters, Detroit Ass'n.; and Leif Espanas, Wood Drying. Not 


shown are Bill Darwin, Wood Preservation; Ken Kruger, Packaging; and Jim Bethel, Veneers 


and Plywood. 


technically trained personnel, and (b) 
Information prospective students 
the opportunities for career forest 
products. 


Dr. Hall thought this 


-problem too complex solved 


short meeting, and proposed that 
call special meeting educators and 
industry representatives discuss thor- 
oughly this entire question training 
technical personnel. For this 
offered the facilities the Forest 
Products Laboratory. 


Dr. Dickinson moved that the 
Chair appoint committee work out 
the details for such coordinated meet- 
ing, held within year. The 
motion was seconded and passed. Every 
effort will made call such meet- 
ing the fall 1954. 


Moss Christian pointed out that the 
education committee entitled 
technical session the next national 
Dosker moved that the committee spon- 
sor technical session. Motion seconded 

Dr. Frank Kaufert inquired why 
that industrial trade organizations 
put out great deal educational 
literature high schools and grade 
schools such subjects the “keep 
programs, but not the sub- 
ject opportunities for careers 
forest management and forest products 
technology? one present could pro- 
vide satisfactory answer the query, 
but Dosker thought might 
desirable address letter the 
asking for assistance calling 
attention the opportunities for ca- 
reers the forest products industries. 


GLUES AND GLUING—May 
Chairman, Alan Marra, Uni- 
versity Michigan 


The meeting was called order 
A.M. the Chairman, Marra, 
with attendance. summarized 
the purpose and aims the committee 
and spoke briefly the development 
technical session glucs and 
gluing for the Seattle mecting. The 
meeting was then opened for general 
discussion. 

Tom Cook, National Casein Com- 
pany, Chicago, reported some new 
developments adhesives. Wil- 
liams, American 
Washington reported recent West 
Coast developments. 
being beamed toward modification 
existing materials rather than the de- 
velopment new ones, all with the 
view cutting .glue line costs. 

Chairman Marra asked Mr. Van 
Epps, Co., Roches- 
ter, Y., speak gluing tech- 
niques industry. There being 
comments Mr. Van Epps report, 
Chairman Marra asked Mr. Blom- 
quist, Forest Products 
lead discussion methods test 
for glues and glued joints. Chairman 
Marra asked Mr. Cook summarize 
developments new glued-up mate- 
Mr. Cook listed the applications. 
Williams reported new gluing 
equipment the market. 

this point the chairman asked Mr. 
Yavorsky, N.Y.S. College Forestry, 
report his work with stress coat 
lacquers. Following Mr. Yavorsky’s 
paper, Mr. Worth, Bureau Ships 
timbers. 
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Glues and gluing. 


Mr. Miles moved and Mr. Williams 
seconded that the Committee have 
another session Seattle, carried. The 
chairman appointed Don Redfern and 
Bryant coordinators for that 
meeting. 


PACKAGING—May 5—Chairman, 
Earl Stivers, Package Research 
Laboratory 


program was planned for the 
1954 meeting fit the Michigan area, 
namely, Furniture Packaging and Auto- 
motive Parts. Six outstanding papers 
were presented Grand Rapids and 
kept audience interested for the en- 
tire session. 

the meeting the committee voted 
request Technical Session 
Packaging the 1955 Annual Meet- 


ing Industry. Thousands operation all over the 


world. 


Dennis Veneer Taping Machine— 


The Standard Taping Machine the Woodwork- 


Improved and built better than ever. 


ing. was agreed that the best inter- 
ests the Society will met 
proper balance maintained between 
research, technical 
papers the program. 
was made that panel discussion 
included and Eastern representatives 
encouraged participate. 

Mr. Krueger the Forest 
Products Laboratory was recommended 
the President for appointment 
Chairman for the ensuing year. 


WOOD MACHINING—May 
Chairman, Patronsky, 
Wabash Screen Door Co. 


Chairman Patronsky his introduc- 
tory comments gave brief background 
the committee organization 


tion. 


THE VENEER MACHINERY COMPANY Grand Rapids Michigan 


Equipped with Glue Spreading attach- 
ment that has been pronounced the Best 
the market today. 


Quality control. 


general purpose. also gave bricf 
F.P.R.S. wood machining. Chair- 
man Patronsky also stated the 
tives this committee 
the types projects this 
could instigate, sponsor 
among its volunteer members. 

preliminary report the topic 
nomenclature was made the 
committee knife 
headed Stanley Studstrup, 
consin Knife Works. Drawings wih 
suggested names for the various 
parts, sizing and other pertinent infor- 
mation which will submitted the 
machine knife industry for acceptance, 
correction rejection were 
among the group. 


Continuous Feed Veneer Jointer 


built especially for use long and buckly 
veneers, and thoroughly proven opera- 
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anufacture 


PRODUCTS, 
BOARDS 


COE Dryer 


Line Gas Fired Coe 
Fibreboard Dryer 
Wet end section, 


line, ft. roll Model 
Coe Veneer Dryer. 
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Dryers, their present form, 
are the result more than years 
specialization. The original Coe 
Dryer was built and sold 1902. 


Dryers are available sizes and 
types for all needs, for drying fibre- 
boards and veneers. They are rated 
conservatively and sold 


anteed performance basis. Almost with- 
out exception, performance has ex- 
ceeded the guarantee. 


Our engineering and research 
departments are always willing and 
anxious cooperate the devel- 
opment drying procesess for new 
wood products. 


CONTINUOUS DRYERS 
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Wood machining. 


Mr. Norman Bye Henry 
Disston Sons, Inc. made the report 
the work this 
made clarifying terminology. Mr. 
Bye signified that his ex- 
pected have more complete report 
the next meeting. 

Mr. Hampton, Sales Manager 
Redco Tool Division reported 
unique method surfacing acoustical 
tile with series overlapping groov- 
ing saws instead knives. 

The subject machine noise 
wood working machines and buildings 
was introduced. This brought forth 
variety comments regarding how 
might handled. The general opinion 
was that was sufficient importance 
justify attempt gather more 
information. Mr. Chandler Jones, who 
introduced the subject, was report 
Chairman Patronsky any further 
development. 


Chairman Patronsky requested that 
suggested names placed before the 
group for selection Chairman for 
1954-56. Mr. Norman Bye sug- 
gested that Chairman Patronsky con- 
tinue chairman. This was seconded 
Rust Gray Diehl Machine 
Works. was unanimously passed 
that Mr. Patronsky continue 
another term. 

discussion among those present 
was that the papers for the Seattle 
meeting should 
pointed West Coast operations and 
activities, although some general 
nature should included. Mr. Jeff 
Davis the Forest Products 
Laboratory suggested that Coast 
woods” would two good topics. 
Others suggested Ve- 
neers High 
chines and Surrounding 


Packaging. 


“Machining Particle and Hard 
“Methods Determin- 
ing the Sharpness Cutting 

sub-committee prepare report 
Wood Machining will 
Everyone the general 
plus any other interested persons, ill 
given the opportunity aid con- 
pilation this report. 

Mr. Crowder 
Mfg. suggested that wood 
chining information booklet com- 
piled for general use the 
Chairman Patronsky suggested that 
committee carry the ball and coordin 
the efforts individuals, 
trade associations and colleges and 
versities. believed that such 
report booklet would much 
standardize wood machining techniques. 
niques. 

There was considerable discussion 
Carbide Tool maintenance. 
Patronsky commented the work done 


For Continuous, Fast, Flush Door 
Sizing 


Investigate the 


Tandem 


Unit with its Automatic Transfer Unit. 
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Oshkosh, Wisconsin 


1954 
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National Furniture Mfg. Co., 
Evansville, Ind., operates this 
Moore Unit-Package Cross- 
Circulation Kiln for seasoning 
hardwood dimension. 


What type kiln 
best suits your needs? 


Here one the exceptional features the Moore Cross-Circulation Sys- 


tem: completely flexible—and can adapted suit the needs 
your own plant. 


Which one these kiln types will best fit your layout: 


Full-width stacking kiln trucks 
Package-stacking kiln trucks 

Package-piling without kiln trucks 
Steam heating—low high pressure 
Direct-fired heating—gas oil 


Each employs the well-known Moore Cross-Circulation Drying 
System, proven over 7,500 successful installations. 


For the answer your drying problem, pays consult the Moore 
Engineer. Write today for information—no obligation. 
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Wood preservation. 


along this line University Mich- 
igan and New York School Forestry 
Syracuse, 

Chairman Patronsky also suggested 
that this committee prepare list 
material available with names per- 
sons who could available help 
with programs regional mectings 
the application, use and 


Carbide Tools. 


WOOD COMPOSITION BOARD 
—May 5—Chairman, George 
Marra, Washington State College 


Meeting opened with discussion 
Committee membership. New members 
are needed furnish coverage of: 
equipment, consumers 
sales, and molded products. 

General discussion latest develop- 
processes, 


ments followed on: resins, 


research and testing, properties and 
uses, equipment and 

was agreed have Technical 
Session Composition Board the 
1955 National meeting Seattle. 


WOOD PRESERVATION—May 
—Chairman, Darwin, TVA 


Meeting called order 
Garlick acting for Chairman 
Darwin, was not present. the 
absence Secretary Mark 
Ira was appointed temporary 
Secretary. 

Mr. Garlick opened the meeting 
persons reading the functions 
the Wood Preservation Committee 
drawn last year. They were: 
keep before the FPRS developments 
the wood preservation inter- 
the Society. Research devel- 


Wood drying. 


oping, Materials used, 
tions for treating wood products. 
Assistance members making 
formation wood preservation. 
Serve liaison for the Society 
ciation and others. Call attention 
the Society. Coordinate with com. 
mittee from other agencies such 
BPIS&AE, Bureau Entomology 
Plant Quarantine, etc. Advise aid 
assist developing programs 
field wood preservation for the 
tional and Section Meeting the 
FPRS. 


Dr. Colley, Technical 
ior, Bernuth Lembcke Co., Inc., 
York, New York paper 
the subject Preservative 


HARSHAW WOOD PRESERVATIVE INGREDIENTS 
COPPER NAPHTHENATE LIQUID 


Description Clear green liquid 
Solid copper naphthenate content 72% per gallon 8.5 


Conforms National Bureau Standards’ Commercial Standard 152-48 
(Sept. 25, 1948) Naphthenate Wood Preservative” concentrated type. 


Specific Gravity 1.02 


you need Copper Naphthenate Liquid any special concentration, Harshaw can 
quickly manufacture for you. For prompt service send your order the nearest 
Harshaw branch sales office. 


PRINCIPAL 


Cleveland Chicago Cincinnati Detroit Houston Los Angeles New York Philadelphia Pittsburgh 
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Permanent Displays San Los High Point 


January 12, 1954 


Mereen-Johnson Machine Company 
Minneapolis, Minnesota 


Gentlemen: 


the request Mr. Claude Sutton are writing 
give you brief report the performance the two 
M-J Tenoners have had operation for the last eighteen 
months. 


our opinion these machines have given exceptionally good 

performance from quality and production standpoint. With 

the multiple "V" type corrugated feed chains 
and quick chain snap-on dogs, accuracy cutting and quick 
setups are accomplished. The two machines are both sturdy 
and the heads, motors, etc. well balanced, which permit 
run maximum speeds and obtain uniformly accurate 
dimensions the lowest possible unit cost, 


Our operators, foremen and plant superintendent are highly 


satisfied with the two #400 Tenoners and believe them 
very versatile production machines, 


Very truly yours, 


Brandon 
Plant Manager 
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“Maximum Speeds... 
Uniformly Accurate Dimensions... 
Lowest Possible 


with our 


NO. 400 TENONERS 


Lane cedar chests are famous the 
world over for quality and style. 


Special Lane lock joint 
made with the No. 400. 


welded steel construction 
Precision multiple chain 
Hi-Speed copes 


Write for the 
No. 400 Bulletin 


MEREEN-JOHNSON 
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Nil 


Evaluation.” pointed out that our 
major problem coordinate our 
with those the American 
Association. 
further stated that need know 
more about the biology the various 
organisms that cause wood deteriora- 
tion and their relation the habitat 
the material being used. 


paper entitled “Performance 
Chemical Engineer, Forest Prod- 
ucts Laboratory, Madison, Wisconsin 
and Angell, Technical Director, 
American Lumber Treating Co., 
Chicago, was presented 
title. 


Next there was very stimulating 
presentation Mr. Williams, 
Master Woodworker, Norfolk Naval 
Shipyard, Portsmouth, Virginia. The 
title his paper was 


Wood particle board. 


PARKWOOD HI-DEN 
woods, impregnated, laminated and 
compressed. tough, dense, mois- 
ture resistant, dimensionally stable 
and has low co-efficient fric- 
tion. Widely used forming tools, 


jigs, textile machinery parts, 
knife handles. 


Products, Skills and Mr, Wil- 
liams asked, the Norfolk 
Naval Shipyard doing along wood pres- 
ervation lines?” and answered 
telling the many ways the Shipyard 
uses wood preservatives. 

The next paper was Wal- 
ters, Associate Professor Forest Uti- 
lization Research, University Illinois, 
Urbana, was entitled “The 
Solvent Aromaticity and Boil- 
ing Range Blooming Pentachloro- 
phenol and the Decay Resistance 
Ponderosa Pine.” the use slides, 
Dr. Walters illustrated how the aro- 
matic content petroleum 
fluence the blooming (crystallization 
chemical the surface the wood) 
and decay resistance treated wood. 


Dr. Walters’ paper was followed 
tory Director, Protection Products 
Manufacturing Co., Kalamazoo, Mich- 


made selected 


PARKWOOD 


For samples and illustrative literature, write 


PARKWOOD LAMINATES, INC. 


Water Street, Wakefield, Massachusetts 


Veeners and plywood. 


igan the subject “The place 
Water Repellents the 
Field.” Using slides the illustrations 
given the paper, Mr. 
showed the remarkable and_ 
way which water repellent 
tive solutions reduce seasoning 
and warping treated wood 
the elements. 


The last paper presented was 
Henry Hicock, Forester, The Co: 
necticut Agricultural Experiment 
tion, New Haven, Connecticut. 
Mr. Hicock pointed out 
the work the Connecticut 
involved only native woods 
New England and results were 
only for conditions prevailing that 
locality. The conclusions drawn 
that where reasonable pains are 
treat wood the more 
methods, the 
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Marketing. 


can expected give very 
able extension the service life 
posts and other items treated. 

the short discussion that followed 
the presentation these papers Mr. 
George Olson said felt that the 
FPRS should help assemble and dis- 
seminate information that would help 
get wood into more end uses and that 
would help hold and also help regain 
wood markets. 

Mr. Ralph Bescher stated that 
good paper showing the relative merits 
wood for various uses and pointing 
out how wood can used better 
advantage would very timely. 
Another paper might show how wood 
could move into the competitive picture 
better—not necessarily cheaper. His 
feeling was that there real need 
educate the retailer and user the 
merits and proper use wood. 
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Mr. Phil Creden stated that such 
papers were prepared, Edward Hines 
Lbr., Co., Chicago, would glad 
give them wide spread distribution. 


Chairman, Clatworthy, 


The first subject taken was 
letter from Mr. Sward, presented 
Mr. Fuller, stating that the Institute 
Paint and Varnish Research was not 
preparing glossary paint terms. 
Evidently, some people were under this 
impression and Mr. Sward wanted 
correct this assumption. 


Mr. Krupp asked the question, 
“Would the wood industry inter- 
csted the quick drying coating 
materials using sources heat such 
The subject was discussed 


Insulating Interior Finish 


SEALED INSULATION 


Wood finishing. 


and those present felt that the 
would interested learning more 
about quick drying. Although only 
ited work has been done the 
States, England has been using infrar 
for several years with apparent 
was agreed that this would 
subject for future Mr. 
raised the question, “What are 
long term effects cabinetwork that 
have received accelerated drying 
conclusive answer was 
this question. 


The balance the time was 
discussing who the principal 
factors from papers presented Wood 
Finishing are, and what they would 
like have papers cover. The men 
who attended this meeting felt that 
there should Wood Finishing 
tion 1955. 
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dalliance with rod. There’s end the wonders worked 
with wood. 
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WOOD DRYING—May 5—Chair- 
man, Raymond Rietz, 
Forest Products Laboratory 


Chairman Rietz opened the meeting 
with attending 2:15 p.m. with 
brief report the status the Wood 
Drying Committee Report “Status 
Seasoning the and Canada’ 
which will completed 
mitted for publication within the next 
two months. 


The topic the 
NEWS-DIGEST articles 
brought for discussion. Rietz 
pointed out that the first issue was made 
April 1953 and that issues are made 
once month. The NEWS-DIGESTS 
were prepared himself and the other 
Committee members. Approximately 
1600 copies each NEWS-DIGEST 
are mailed the kiln clubs for distri- 
bution their membership. had 
recently received request for copies 
from the Library the Department 
Agriculture. far, the Society has 
printed the NEWS-DIGESTS and the 
Wood Drying Committee the only 
Committee preparing articles this 
kind. 

Copies are available individuals 
upon request the requests are di- 
rected the Forest Products 
Laboratory, Madison, Wisconsin. The 
College Forestry, State University 
New York, has mailing list those 


interested and copies 
the NEWS-DIGEST are sent them 
mailed. The question was asked 
this could done other organ- 
izations and Rietz said that could 
send limited number copies 
other organizations with suitable mail- 
ing lists. 

The question was asked the Com- 
mittee stimulated the formation kiln 
clubs. Rietz replied that the Committee 
had not and was not expected 
but that was function the Com- 
mittee work with the kiln clubs and 
act liaison between the clubs 
and the Society. 


The status the proj- 
ect the list seasoning research 
activities research agencies and other 
groups was brought for discussion. 
The question was asked whether 
not those receiving the list could not 
polled prior the annual meeting 
for the current status and the answer 
was made that this could probably 
done and could included 
part the Committee’s annual report. 


The fourth subject discussion 
brought before the Committee was the 


Lecture. Chairman Rietz ex- 


plained that the primary purpose 
this Lecture would recognize the 
contributions outstanding individuals 
the development seasoning prac- 
tices. expressed the hope that some 


written the Forest Products Research 
Society some organization prepare 
and present such lecture honoring 
some individual the annual meeting 
the Forest Products Research Socicty, 
kiln clubs, etc. Tiemann, 
Karl Loughborough, and Joe Stecle 
were mentioned men who might 
honored. 


The question was raised 
whether not the Forest Products 
Research Society was strong 
financially underwrite the Seasoning 
Lecture and was pointed out that 
may necessary have 
underwrite them. The recommendation 
was made that living men 
nized the Lecture soon 


Discussion later the meeting 
brought out the possibility trade 
magazines being receptive the 
sponsoring the Lecture. The 
mendation was made that subcommit- 
tee appointed investigate all 
sibilities sponsorship. 


The next subject for 
concerned the distribution 
the articles. The 
made that subcommittee 
upon themselves, sound out the 
kiln clubs the possibility their 
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financing the printing and distribution 
reprinted articles. 

Chairman Rietz urged all Committee 
members encourage articles for pub- 
lication the Journal the Forest 
Products Research Society. 

The Committee was asked discuss 
the possibility having 
session the 1955 meeting Seattle. 
poll the members showed all 
members present favor the 
session. The following subjects were 
suggested for the session: 


(1) Report the MacDonald 
process (E. Marshall) 

(2) Sticker stain hardwoods 

(3) Vapor drying (by Cantrell) 

(4) Dry kiln clubs—objectives 
and accomplishments 
member management) 

(5) Air drying ponderosa pine 
the Southwest (by Peck) 

(6) Kiln drying second-growth 
Douglas-fir 

(7) Warping Douglas-fir studs 

(8) Kiln drying Northwestern 
hardwoods 

(9) Kiln—Mo-Trol 

(10) Sticker costs 

(11) Energy requirements drying 


The suggestion was made that about 
percent the program devoted 
West Coast woods. 


Chairman Rietz read the paper 
Outlook for High-Temperature Season- 
discussion was led panel consist- 
son. Mr. Knauss gave brief but de- 
tailed description the European high- 
temperature kilns and their operation. 


Several questions were asked about 
the effects high temperatures 
casehardening. Discussion followed 
concerning the plasticizing effect 
high temperatures. 


QUALITY CONTROL—May 
Chairman, Charles Latimer, 
Nickey Bros. 


The annual meeting the Subject 
Matter Committee the Forest Prod- 
ucts Research Society was called 
order its chairman, Mr. Charles 
Latimer 2:10 p.m. 


Minutes the 1953 meeting 
Memphis, Tenn. were read and ap- 
proved. Mr. Bethel commented the 
paper had prepared report 
the Committee and was agreed 
submit same preliminary report for 
publication the annual reports 
Subject Matter Committees. 


The question the 
chure principles statistical qual- 
ity control was discussed and was 
agreed that work should proceed 


this project. Messrs. Latimer and Bethel 
agreed work this brochure durin 
the Carolina State College 
Control Short Course Myrtle Beach, 
C., August, 1954. 

view the difficulty securing 
suitable papers, was agreed that 
Technical Session would requested 
for the 1955 Meeting Seattle bu: 
that such request would made for 
the 1956 Meeting Asheville, 
Carolina. 

Mr. Latimer asked that the 
tee members alert for sources 
future quality control papers. 

Mr. Latimer stated that would 
culate list persons the wood- 
working field who interested 
and/or active quality control ind 
asked that members add such 
they may know. 

Mr. Wylie stated that, the 
sence the Technical Session, 
the Committee might work through the 
various F.P.R.S. Sections promo ing 
quality control. 

was agreed that the 
would limit its activities the wood 
using industries and would 
mote publicize quality control 
ods other industries. was further 
agreed that the scope the 
tee’s work should such avoid 
overlapping other Subject Matter Com- 
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ularly the areas equipment, tests 
and testing methods, etc. 

was agreed devote the 1955 
Committee mecting educational 
session open the convention mem- 
bers. This function will organized 
and handled Mr. Ripley. 

Mr. Wylie was appointed 
tigate the possibility having ex- 
hibit booth the 1955 Seattle Meet- 
ing along quality control educational 
lines. Such booth may sponsored 
either New York State College, North 
Carolina State College or, perhaps, 
local section the American Society 
for Quality Control. 

“Be resolved: The display spon- 
sored the North Carolina State 
College School Forestry quality 
control the Industry Show held 
conjunction with the 1954 annual 
mecting F.P.R.S. held high 
esteem the Quality Control Commit- 
tee the Society. 


CHEMICAL UTILIZATION—May 
5—Chairman, Sproull, Herty 
Foundation Laboratory 


The Meeting was called order 
2:30 P.M. Chairman, Sproull. 

The Chairman appointed Mc- 
Kean Secretary the meeting. 

Sproll stated that the General 
Chairman Subject Matter Commit- 
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tees had asked the Committee pre- 
pare abstract and bibliography 
the field Chemical Utilization. Sproull 
suggested that the best way handling 
this work would break down the 
general field Chemical 
into specialized fields and then assign 
committee member each field for 
the preparation the bibliography 
and abstract. was decided develop 
the classification the basis proc- 
esses. The processes and the person 
suggested compile the abstract and 
the bibliography follow: 


Extractives: Dr. Pomeroy Dr. 
Kurch 


Delignification: Dr. Gardner Chidis- 

Pyrolysis: Chesley Art Goss 

Fractionation: Esterer 


other Canadian assigned 


The group attending the meeting 
agreed that the 1955 National Meeting 
the Forest Products Research Society 
should include one more sessions 
Chemical Utilization. The Committee 
agreed suggest session Hydrol- 
ysis and session Park Utilization 
the 1955 Program Committee. 
Under Hydrolysis the following sub- 


our saws. 


15-Day Free Trial 


jects were suggested: 
which the price imported molasses 
and the utilization lignin should 
receive considerable Hydrol. 
ysis material other than wood, 
subject which could presented 
member the U.S.P.A. Lab Peoria, 
Archer Daniels Midland Corporation. 
Under Bark Utilization preliminary sug- 
gestion included discussion bark 
properties various species 
review activity the field 
culture used for bark such stock 
and mulches. 


LOGGING AND 
5—Chairman, Fred Simmons, 
North East Forest Experiment 
Station 


Chairman Fred Simmons 
the meeting Committeemen and 
guests 2:00 p.m. and briefly 
cussed committee 
Each member the committee acted 
its representative his own section 
the country, advising sectional 
subject matter field, and cooperating 
with other organizations interested 
logging and milling. 
example the latter was the organ- 
ization and presentation sawmilling 
clinics two recent logging congresses 
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the West, the Redwood and the 
Willamette Valley. Milton Mater, 
chairman the sawmilling subcommit- 
tee, was the leader this effort. 


The second item business was the 
presentation the report 
Leland Hooker. 

Discussion followed Mr. 
report. Mr. Matson described de- 
velopments the Wyssen Cableway 
System logging, and its adaptation 
western conditions. Mr. Wyssen has 
built unit which will heavy enough 
handle ton logs, have span 
miles and reach 250 feet each 
side. question was raised regarding 
the and its current status. 
was reported that because imprac- 
ticability from safety standpoint and 
for other reasons the skyhook not 
operation for logging purposes either 
the west south, where was first 
employed. The subject the status 
the chemical debarking pulpwood 
was raised. was reported that during 
1953 approximately 150,000 cords had 
been treated for harvesting 1954. 
This technique still the object 
research. has been successful with 
hardwoods, but insect damage and stain 
have mitigated its usefullness for soft- 
woods. Portable chippers were discussed 
the basis types, the breakdown 
chipper and the controlled chip size 
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chipper. Investigation under way 
the south determine feasibility 
chipping material below four inches 
diameter. This immediately raises the 
question harvesting costs for mate- 
rial this size, which question has 
been limiting factor the northeast, 
where several investigations utiliza- 
tion small thinnings have been con- 
ducted. There good possibility that 
the air flotation method separating 
bark and wood chips will devel- 
oped further produce chip cleanli- 
ness suitable for all pulping purposes. 


Third item was the presentation 
Mr. Milton Mater’s paper, Report 
Developments Milling During 
1953. Mr. absence the 
paper was read Mr. Henry Hor- 
ton. question was raised regarding 
the success the saw 
teeth when applied bandsaws and 
sash gang saws. Matson reported 
that this saw has been tested band 
mill Weyerhaeuser Timber Company 
and that slow feeds worked well. 
The same true the sash gang saw, 
but higher feed speeds both cases 
the saws tended snake. The fine saw- 
dust produced the side cutters ap- 
parently slipped out the gullets and 
caused heating difficulties. The follow- 
ing were mentioned briefly new de- 
velopments which either have not come 
the attention the average lumber- 


Established 1875 


man have been only 
moted: The saw operation for 
manufacturing dimension 
softwoods; the Mater Mobile Mill; 
new metal detectors, such the one 
made RCA; the Dewey Williams 
saw-line barker; the increasing interest 
bolter saws, and the use chip- 
breaker types teeth shanks 
serted point circular saws. 


Fred Simmons reported the com- 
mittee and its guests the 
“Standardization Small Sawmill 
sketched the origin 
development the movement 
mote better standards for lumber 
ucts and the participation 
ASME, and FPRS. The Wood Wor 
ing Section the ASME 
ing accuracy standards which are co: 
fined largely thicknesses. 
are being requested cooperate 
measuring boards, 
and timbers 100 mills and 
their results Dr. Bethel the 
Wood Products Laboratory for 
standards accuracy for the small 

conjunction with the above 
ect the FPRS milling subcommittee 
lished ASA, which can used 
assist the small sawmill operator 
meeting the standards. the hands 
lumber concentrator this 
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could provided his suppliers show 
them specifically how they may meet 
the standards. will contain minimum 
mill machinery specifications which are 
recommended for production uni- 
formly accurate lumber products; but 
the committee, for the time, rejected 
recommendations for inter changeabil- 
ity parts between makes. will also 
contain instructions for 
operation and maintenance. was sug- 
gested that this handbook should also 
include tabular information such 
comparison log rules, decimal equiv- 
alents gauge sizes, glossary, etc. 
One further suggestion was made from 
the floor the effect that should 
nature, such power requirements, 
pulley and belt sizes, edgers, sorting 
chains, blowers, etc. This taken 
under consideration. 

The principal matter for considera- 
tion the logging subcommittee the 
setting specifications for wood 
chip standards. Both producers and 
users need this information which ties 
closely with the use primary mill 
residues for pulping purposes. The 
question was raised Mr. 
that since the mill requirements set the 
standards, how can this situation 
changed. One solution establish 
committee study the problem from 
both the user’s and view- 


MOISTURE REGISTER 
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woodworking results. 


Saves you money, helps cut freight costs. 
Protects your purchases, makes sure orders are 


filled correctly. 


points and arrive workable mod- 
ifications present specifications. 
committee eastern Canada has been 
working this and their preliminary 
findings will made available us, 
with assurance future close coopera- 
tion. connection with the purchase 
pulpwood was noted that the 
payment for pulpwood weight was 
increasing. The results are sounder 
wood and more closely trimmed knots. 


The following resolution was intro- 
duced Mr. Leland Hooker this 
point: 


The Logging and Milling 
mittee the Forest Products Re- 
search Society, recognizing the need 
for impartial agencies evaluate 
logging methods and equipment and 
record and report data thereon, with 
results such studies made 
available the industry, resolves 
lend its support such activity. 

further resolved that: 


The Logging committee effect it- 
self clearing house for such 
technical information may 


developed. 


The Logging committee should 
contact the presently known im- 
partial agencies, commending 
them for their interest and solicit- 
ing their cooperation establish- 
ing this FPRS clearing house. 


resolved that the Forest 
Products Research Society endorse the 
efforts organizations promoting 
safety programs within the logging 
industry, and offer them our 
whole-hearted sup- 
port through individual member par- 
ticipation safety programs. 


After considering the resolution, the 
committee agreed take the 
under advisement and 
channels for implementing its 
tions. 

The question was raised regarding 
the Logging and Sawmilling 
tee’s presentation technical 
the annual meeting Seattle 
1955. The reaction the 
was that inasmuch both logging 
and milling are such importance 
the Pacific Northwest, should 
initely plan sponsor such 
The following topics fields 
est were suggested: 

Rubber tired prime movers. 

Limitations 
data smaller size 
sociated with pre-logging 
logging. 

its operation and adaptation 
heavy log operations. 

length and log lengths, 
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And for consistent quality use West Coast Lumber 
Fir, West Coast Hemlock, 

Western Red Cedar and Sitka Spruce. 


Designed by The Austin Company 


whatever the job consider WOOD first! 
WEST COAST 
LUMBER 


Send for folder describing free literature available for your reference files. 
West Coast Lumbermen’s Assn., 1410 S. W. Morrison St., Portland 5, Ore. 
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pan sulky, ground skidding, effect 
slope. 

Hardwood utilization the west 
—alder, tanoak, madrone, Ore- 
gon white oak, Oregon maple. 

Utilization lodgepole pine— 
special logging and milling tech- 
niques. 

The HIAB self loading crane. 


Barking and chipping develop- 
ments. 


VENEER AND PLYWOOD—May 
5—Chairman, Dr. Herbert 
Fleischer, Forest Products 
Laboratory 


The first meeting the Veneer and 
Plywood Subject Matter 
was called order Chairman 
Fleischer 2:30 P.M. Ten 
members and twenty-two visitors at- 
tended. 


Chairman Fleischer reported that the 
organizing committee made him. 
self, Bethel and Christian 
proposed the nomination James 
Roberts for Senior Vice Chairman and 
White for Junior Vice 
man. Then nominations were approved 
those attending the meeting and 
were subject approval the Execu- 
tive Board. 

Chairman Fleischer recommended 
that planning and policy subcommit- 


tee appointed the chairman, 
prepare report for the 1955 meeting 
suggested activities, duties and 
projects that should carried 
the veneer and plywood committee. 
motion was seconded, and car- 
ried that such subcommittee au- 
thorized. 


Next the program was panel 
discussion headed Moderator 
Merritt who was introduced the 
group Chairman Fleischer along 
with other members the panel, 
namely: John Butler, Eggers, 
Sweeney and White. The 
purpose the panel discussion out- 
lined Mr. Merritt was present 
and discuss some the key problems 
facing the veneer and plywood indus- 
try. 

The first member the panel 
address the group was John Butler who 
pointed out that the veneer 
wood industry should: Further the 
development alcohol and heat resist- 
ant finishes and improve paint fin- 
ishes for plywood. 
scarch learn more about the acous- 
tical properties plywood. Obtain 
more factual data the bending 
plywood. Develop statistical qual- 
ity control program related quality 
tests glue bonds. 

Mr. Sweeney, the next panel mem- 
ber, discussed problem consumer 


complaints the subject severe 
face checking Fir plywood. Mr. 
Sweeney felt that some test might 
developed that would enable the ply- 
wood distributor eliminate 
panels that would 
after they are the hands 
sumers and work. For hardwood 
wood Mr. Sweeney felt that 
dustry should develop product that 
will provide truly flat, thin panel. 
this, was suggested that new 
methods laying plywood 
tigated. 

White next reviewed 
problems which felt were worthy 
additional research. The problems 
Mr. White were: Develop 
facts relating the acoustical proper- 
ties plywood that may used 
the plywood and plywood 
products the radio, television, 
fidelity and architectural fields. 
continue existing research the prob- 
lems stabilizing veneer that 
will not shrink, check, split 
wise change from the time cutt 
its ultimate use plywood: 
develop improved 
for plywood the form press-cured 
finishes that will alcohol and cigar- 
ette proof well fade 
when exposed light. 

group that further research 
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Distributing Yards California 
SOUTHERN CALIFORNIA OFFICE: 


MANUFACTURERS and DISTRIBUTORS 


Hammond Lumber Company 
2010 South Alameda Street 
Los Angeles, California 


OCTOBER, 


= 


— 


For Every Phase Construction 


Stronghold Nails add strength, hold 
permanently tight, save maintenance 
costs. Wood fibres with the 
scientifically engineered threads. 
Nails loosen—ever! Available 
aluminum other non-ferrous 
metals. Any length 9”; any diam- 
eter .310—in any finish, for any 
purpose. 


hold tighter- longer! 


Stronghold and Screw-Tite Nails are engi- 


Stronghold-Screw Fasteners 
FOR DRY WALL CONSTRUCTION 


use—by our years experience, our repu- Give permanently trouble-free fastening for gyp- 

sum lath and Dry Wall construction. Never “pop” 
the United States. Ask for them name— under paint; work out loosen 
take no others. —ever! Treated to resist rust. Available in any 


size—any metal finish. 
The far, far greater holding power Stronghold and 
Screw-Tite Nails has been conclusively established con- 
laboratory tests Virginia Polytechnic Institute 
under the direction Dr. George Stern. other 
nails can offer such proof superiority! Ask your 
dealer for Stronghold and Screw-Tite Nails. 
supply you send his name. 


STRONGHOLD UNDERLAY FLOOR NAILS 


“must” for laying smooth, tight underfloors for 
linoleum, asphalt rubber tile carpet. Strong- 
hold Nails can’t work cause “bumps” 
make holes floor covering. Floors never get 
squeaky springy. Specified leading 
facturers floor covering materials—used 
prominent floor covering applicators from coast 
to coast. 


SCREW 
For Floors and Stairs 


Floor laid with Screw-Tite Flooring Nails are tighter, smoother, 
longer lasting—never squeak, buckle become springy. Screw- 
Tites are made high-carbon steel, heat-treated and tempered 
bend break. Also regular steel for softwoods. 
All sizes. 


STRONGHOLD NAILS 


For Asbestos Siding Shingles, 
Cedar Shakes and Insulated 
Brick Siding 


Never “pop” loosen; hold per- 
manently tight. bronze, stainless 
steel, aluminum and other metals. 
Available matching colors 
baked-on lacquers that chip 
come off. 


DRIVE-RITE 


Why 


MASONRY NAILS 


For Fastening Cinder and 
Concrete Blocks, Brick, Mortar 
and similar materials 


Made high-carbon steel, heat 
treated and bend 
break hardest materials. The 
scientifically designed threads aid 
driving—add holding power. 


made stiffer 
DRIVE WITHOUT BENDING 


Here last are Aluminum Nails you can drive! all styles, 
for all applications where Aluminum nails are advantageous. 
Available Stronghold, Screw-Tite smooth—in count pack- 
ages under our exclusive trade name, Ask for 
them name. Write for special brochure. WRITE FOR COMPLETE CATALOG 


Made only 


INDEPENDENT NAIL and PACKING Co. 
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BETTER FASTENINGS FOR EVERY PURPOSE 
Aluminum Nails 


out on: The steaming veneer 
logs. The development improved 
veneer splicing adhesives together with 
preventing dermatitis commonly suf- 
fered workers using the adhesives. 
Veneer cutting and the waste prob- 
lems resulting rotary cutting. 

The meeting was next open dis- 
cussion from the floor. 

Mr. Casselman stated that con- 
curred with Mr. Eggers the need for 
additional research splicer adhesives. 


Mr. Robert Larson reported the 
need for further work making flat, 
thin plywood, suggesting that the solu- 
tion the problem found new 
adhesives and the use low moisture 
content veneers. 

Hutchins brought out that the 
non-uniformity the thickness 
veneer created many problems well 
the lack uniformity moisture 
content veneers. Mr. Hutchins fur- 
ther injected the need for research 
the buckling veneer drying 
and the proper drying rates for veneer. 

Chairman Fleischer stated that his 
opinion studies cutting veneer from 
species such elm, aspen, beech and 
soft maple, made and market de- 
veloped for these lesser used woods. 


Ritchie suggested that much 
more work done building codes 


Cascades Plywood 


help further the cause plywood 
building construction. 

Mr. Van Epps stated that the radio 
laboratories have the 
necessary 
plywood which would climinate the 
necessity for further research. Also Mr. 
Van Epps reported the problem 
color stability finishes has been 
least partially solved the introduc- 
tion new finishing materials. 

Mr. Don Brouse suggested that more 
adequate testing procedures devel- 
oped for testing plywood bonds. 

Messrs. Fleischer, Christian and 
Merritt next discussed the general use 
moisture meters determining the 
moisture content veneer. After this 
discussion was resolved that more 
research should undertaken the 
subject drying 

Mr. Bishop raised question 
about the gluability veneer dried 
high temperatures (in excess 
F.) was stated that high tempera- 


tures reduce the polarity wood 


which might cause glue 

Mr. Christian asked any work had 
been done drying veneer with infra- 
red lamps. None was reported except 
for small laboratory studies. 

Mr. Don Miller next asked 
group any manufacturers plywood 
had used tenderizers conditioning 


veneer for plywood. Mr. Eggers 
ported that his firm had used tender- 
izer limited extent. 


The meeting was next turned over 
Chairman Fleischer who summar- 
ized the highlights the panel and 
floor discussions and thanked the 
bers the panel for generating good 
deal discussion the meeting. Mr. 
Fleischer reported the Executive Board 
will consider general session 
veneers and plywood the 1955 An- 
nual Meeting Seattle. 

Mr. Bethel presented motion 
that such general session held 
veneers and plywood the 1955 
nual Meeting. Mr. Merritt 
the discussing the 
Mr. Eggers pointed out that since th. 
meeting would held the 
Coast would questionable many 
the hardwood people would 
and that the papers would probably 
slanted West Coast production 
lems 

Mr. Don Brouse stated that the 
veneer and plywood technical 
should built basic fundamenta's 
which would applicable 
hardwood and softwood problems and 
that fill-in material injected with 
local interest problems. 


Mr. Bethel’s motion was 
lowing the preceding discussion. 


FORESTRY RESEARCH 
FOUNDATION 


Corporation 


Manufacturers Douglas fir ply- 
wood, vertical grain Douglas fir 
battery separators and Lebanite 


(smooth-two-sides hardboard) 


General office: Public Service Building, 
Portland, Oregon 


Plants at: Lebanon, Oregon 


(NON-PROFIT CORPORATION) 


Serving the forestry interests both public 
and private Oregon and the North- 


west. 


Organized facilitate, encourage and 
promote research forestry. Associated 


with the Oregon Forest Products Laboratory. 
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OREGON STATE COLLEGE 
CORVALLIS, OREGON 


OCTOBER, 


1954 


| 
60-A 


Whatever the 
whether 
METAL...WOOD...PLASTIC 
PAPER—there’s 
Lilly coating made fill 
the finishing requirements 
manufacturers’ individual 
needs. Development 
coatings for specific use 
important part 
the technical services 


designed Lilly help 
industry the field 
finishing. Contact your 
nearest Lilly plant. 
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companies High Point, North and Gardner, 


Chairman Fleischer next announced 
that the Executive Board had asked 
each subject matter committee pre- 
sent industry review develop- 
ments that were related the subject 
which, the case this committee, 
would veneers and plywood. 

The group was asked they would 
favor making such report that would 
ultimately published the Society 
Journal. 

Mr. Sweeney presented motion 
man Fleischer prepare industry 
review veneers and plywood. The 
motion was seconded Mr. Don 
Miller and carried. 


MARKETING—May 5—Chairman, 
Philip Creden, Edward 
Hines Lumber Co. 


The group reviewed first committee 
meetings and then listened remarks 
Chairman Creden the possible 
scope committee work 
tives. 

John Reno presented Suggested 
Program for the Promotion Lumber 
and Lumber Discussion fol- 
lowed. 

Marketing Committee policy was for- 
mulated and Creden outlined his paper 
“Promotion and 
ful which was later given 
the general technical session. 


SOUTHLAND PAPER 
MILLS, INC. 


LUFKIN, TEXAS 


The group then broke down the sub- 
ject marketing and aired the pro- 
posal seek out case histories mar- 
keting successes. 


The assignment marketing studies 
was given several committee 
bers. 


MEETING COMBINED SUB- 
JECT MATTER COMMITTEE 
CHAIRMEN 


The following committees requested 
time for Technical Sessions Seattle, 
next June 20, 23: Wood 
Wood Machining; Logging Milling; 
Packaging; Education; Glues; Chem- 
ical Utilization Veneer 
and Plywood; Marketing (tentatively) 
Quality Control. formal request 
came from Wood Finishing, and 
Preservation. 


The new Executive Board representa- 
tive for the combined Committees wa; 
announced: Ralph Bescher, Kop- 
pers Company, Inc., (District Man- 
ager, Wood Preserving Division), Pitts- 
burgh 19, Pennsylvania, will succeed 
ject Matter Committees. 


Locke, Chairman the Pub- 
lications Committee, discussed the 
future development “Annual Re- 
each Subject Matter Commit- 


Promote CONSERVATION 


Through PRESERVATION 


tee and their inclusion 
Report” number the Journal. Each 
Committee chairman responsible for 
Annual Report objectively 
progress his field, submitted 
the next Annual Meeting. For the 
first report the Committee can back 
far wishes examining its 
field. subsequent years the Report 
will take the preceding months 
only. limit length report. Pos- 
sible theme for next 
Patronsky suggested starting with 
bibliography the field their firs: 
project. This suggestion was accepted. 
Bescher stated the purpose 
reports bring others up-to-date 
fields which they are not 
engaged. also suggested that 
reports written for the members 
large and not for the experts, and 
not worry about being too all-inclu- 
sive this time. 


Carr proposed naming the 
Chairman, Subjec 
Matter Committees not con 
fused with the Individual chairmen 
reviewed general procedure: 
Chairmen appointed for years. 
Chairmen appoint re-appoint the: 
members annually. All members 
FPRS are welcome—no closed 
ings. 
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Since 1929 Hyster Company has been 
identified with the forest products indus- 
try. Hyster tractor equipment, made 
for use with track-type 
tractors, includes winches, yarders and 
donkeys, arches and sulkies, and the 
Hystaway (combination dragline, clam- 
shell, crane, shovel and 
Hyster lift trucks, Straddle Trucks, Karry 
Kranes, Turret Trucks, include models, 
ranging capacity from 1,000 lbs. 
30,000 Hyster dealers are located 
principal cities throughout the world. 
Peoria, Danville, and Hyster 
Europe, N.V., Nijmegen, the Netherlands. 
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MACHINERY AND EQUIPMENT 
ENGINEERING STAFF, LABORATORY 
AND 
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INSTALLATIONS 
OPERATION PROVE THE VALUE 
THIS SYSTEM 
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FPRS Officers and Committees 


ITH MEMBERSHIP over 2800 
persons this Annual issues goes 
press, the National work FPRS 
administered elected Executive 
Board comprised five officers and 
regional board members. The sec- 
ional work governed officers 
The various administra- 
ive and subject matter committees add 
233 names the work the 
Society. 


EASON 


HALL 


Executive Officers 


Company, Box 1282, Sacramento, 
California. 

President-Elect—Moss Christian, Di- 
rector Research, Chicago Mill Lum- 
ber Company, Tallulah, Louisiana. 

Vice President—Ralph Bescher, Dis- 
trict Manager, Wood Preserving Division, 
Koppers Company, Inc., Pittsburgh, Penn- 
sylvania. 

Past President—Robert Pauley, Man- 
ager, Special Products Division, Weyer- 
haeuser Timber Company, Tacoma Build- 
ing, Tacoma, Washington. 

Executive Secretary—Frank Rovsek, 
Box 2010, University Station, Madison 
Wisconsin. 


Regional Board Members 


Southeast Region—E. Harrar, 
Box FM, Duke Station, Durham, North 
Carolina. 

Region—W. Jeter Eason, 
Nickey Brothers, 2700 Summer Avenue, 
Memphis, Tennessee. 

Northeast Region—Frank Parrish, Ex- 
perimental Development Manager, Hey- 
wood—Wakefield Company, Gardner, Mas- 
sachusetts. 

Region—J. Alfred Hall, 
Director, Forest Products Laboratory, 
Department Agriculture, Madison, Wis- 
consin. 

Ritchie, 
Allied Products Director, Douglas Fir Ply- 
wood Association, Tacoma, Washington. 

Southwest Region—Ray Shreck, Di- 
rector, Research Development, Union 
Lumber Company, 620 Market Street, San 
Francisco, California. 


Section Officers 


Carolinas—Chesapeake 


Chairman—Walton Smith, Hibri- 
Drive, Asheville, North Carolina. 

Vice Chairman—W. Irwin, Poinsett 
Manufacturing Co., Box 181, Pick- 
South Carolina. 


FPRS 


CHRISTIAN 


Secretary-Treasurer—J. Bethel, North 
College, Raleigh, North 
Carolina. 

Trustees—John Colucci, Southern 
Box Lumber Company, Box 627, Wil- 
mington, North Carolina; Miller. 
Inc., Box 8718, Rich- 
mond, Virginia; John Bemis Veach, Jr., 
Hardwood Corporation America, 
Box 1091, Asheville, North Carolina. 


Deep South Section 


Chairman—James Craig, State For- 
ester, Box 649, Jackson, Mississippi. 

Vice Chairman—W. Lear, The Cros- 
sett Company, Crossett, Arkansas. 

Darwin, 
Box 166, Norris, Tennessee. 

Trustees—Paul Hursey, Kurth Lum- 
ber Company, Box 5491, Jasper, 
Texas; Hess, 845 Fifth Avenue, 
Laurel, Mississippi. 


Eastern Canadian Section 


Chairman—J. Jenkins, Chief, Forest 
Products Division, Forest Products Labora- 
tory, Dept. Resources Development, 
Ottawa, Ontario, Canada. 

1st Vice Chairman—A. Colman, Bell 
Telephone Co. Canada, 1050 Beaver 
Hall Hill, Rm. 1429, Montreal, Quebec, 
Canada. 

2nd Vice Stirling Max- 
well, P., Maxwell, Ltd., 5080 St. 
Ambroise St., Montreal, Quebec, Canada. 

Secretary—G. Andrews, Forest Prod- 
ucts Laboratory, Dept. Resources De- 
velopment, Forestry Branch, Ottawa, On- 
tario, Canada. 

Treasurer—E. Bell Tele- 
phone Co. Canada, 1050 Beaver Hall 
Room 1425, Montreal, Quebec, Can- 
ada. 

Trustees—Peter Morley, Gatineau, 
Quebec, Canada; Dr. Jos. Risi, Quebec, 
Quebec, Canada; Prof. Carson 
son, Toronto, Ontario, Canada; Kenneth 
Roos, Tee Lake, Quebec, Canada; Rus- 
sell Call, Waterloo, Quebec, Canada; 
Georges Roy, Ste. Rose (Laval), Quebec, 
Canada; Stokes, Monsanto Canada Ltd., 
Montreal, Quebec; Charles Dee, Mac- 


BESCHER 


Millan Bloedel Sales, Ltd., Montreal, 
Quebec; Fred Walsh, Plywood Mfrs. 
Assn. Br. Col., Ottawa, Ontario; 
Thompson, Canada Creosoting Co., Mont- 
real, Quebec. 


Section 


Chairman—Reavis Sproull, Herty 
Foundation Laboratory, Savannah, Georgia. 
Vice Chairman—Dean Boyd Richards, 
Forestry Department, Alabama Polytechnic 
Institute, Auburn, Alabama. 
Secretary-Treasurer—C. Kaufman, 
University Florida, Gainesville, Florida. 
Trustees—Guy Wesley, Jacksonville, 
Florida; Spain Willingham, Macon, Geor- 
Gus Jacobson, Talladega Alabama. 


Great Lakes Section 


Stuart, John Wid- 
dicomb Company, 601 Fifth Street, 
Grand Rapids, Michigan. 

Vice Chairman—S. Preston, 
School Natural Resources, University 
Michigan, Ann Arbor, Michigan. 

2nd Vice Chairman—Harold Sprun- 
ger, Dunbar Furniture Mfg. Company, 417 
Water Street, Berne, Indiana. 

Secretary—G. Garlick, Protection 
Products Mfg. Company, Box 747, Kala- 
mazoo, Michigan. 

Treasurer—S. Tamminga, Hekman 
Furniture Company, 1400 Ave- 
nue, Grand Rapids, Michigan. 


Inland Empire Section 


Leuthold, Deer Park 
Industries, Deer Park, Washington. 

Vice Wert, Thompson 
Falls Lumber Company, Thompson Falls, 
Montana. 

Secretary-Treasurer—T. Veazey, Ana- 
conda Copper Mining Company, Butte, 
Montana. 


Trustees—M. Beale, Lincoln Lumber 
Company, 


Lincoln, Washington; 
Brown, Northwest Timber Company, Peyton 
Building, Spokane, Washington; 


Pugh, St. Maries Lumber Company, St. 
Maries, Idaho 
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Midwest Section 


Chairman—Wayne Lewis, For- 
est Products Laboratory, Madison, Wiscon- 
sin. 

Vice Chairman—L. Fitzpatrick, 
Fitzpatrick Lumber Company, 3230 Univer- 
sity Avenue, Madison, Wisconsin. 

Secretary—Dwight Bensend, Depart- 
ment Forestry, Iowa State College, 
Ames, Iowa. 

Forest Products Laboratory, Madison, Wis- 
consin. 

Trustees—Richard Babcock, Chicago, 
Illinois; Ralph Casselman, Oshkosh, Wis- 
consin; Connelly, Chicago, Illinois; 
Jack Koellisch, Chicago, Illinois; Edward 
Patton, Clinton, Iowa; Saeman, 
Madison, Wisconsin. 


Northeast Section 


Forest Experiment Station, 102 Motors 
Avenue, Upper Darby, Pennsylvania. 

Vice Chairman—Donald Saunders, 
Cumberland Mills, Box 16, Saunders 
Brothers, Westbrook, Maine. 

Secretary-Treasurer—William Delm- 
horst, Delmhorst Instrument Company, 115 
Cornelia Street, Boonton, New Jersey. 

Trustees—Eric Anderson, Syracuse, 
New York; Chester Babcock, New York, 
New York; Jack Batson, Buffalo, 
New York; Newell Norton, State 
lege, Pennsylvania; Donald Pierce, Farm- 
ington, Maine; James Sechrist, Red Lion, 
Pennsylvania; James Tynan, Chicopee, 
Massachusetts. 


Northern California Section 


Chairman—James Rowney, Rowney 
Machinery Company, Street, Oak- 
land, California. 


Vice Chairman—E. Ivory, Ivory Pine 


Company California, Box 116, Dinuba, 
California. 

Stephen- 
son, Sacramento Box Lumber Company, 
Box 1282, Sacramento, California. 

Trustees—Raymond Berry, Scott Lumber 
Company, Inc., Shasta County, Burney, 
California; Arthur Horner, Timber En- 
gineering Company 4314 
fornia St., San Francisco 18, California. 


Ohio Valley Section 


Chairman—Carl Trinkle, The Baldwin 
Company, 1801 Gilbert Ave., Cincinnati 
Ohio. 

Vice Chairman—D. Frampton, Jr., 
Baker Wood Preserving Co., Columbus, 
Ohio. 

Secretary—R. Garratt, Gamble Broth- 
ers, Inc., Louisville, Kentucky. 

Green, Union 
Furniture Company, 210 George Street, 
Batesville, Indiana. 

Trustees—Robert Foot, New Albany, In- 
diana; Wiliiam Lakamp, Cincinnati, Ohio. 


Pacific Northwest Section 


Chairman—Walter Ring, Long—Bell 
Lumber Company, Longview, Washington. 

Vice Chairman—H. Evans, Plywood 
Research Foundation, 620 East 26th Street, 
Tacoma Washington. 

ger, Oregon Forest Products Laboratory, 
17th May Streets, Corvallis, Oregon. 

Trustees—John Armstrong, 810 West 
Hastings Street, Vancouver Can- 
ada; Robert Conklin, Cascades Plywood 
Corporation, 1016 Public Service Building, 
Portland Oregon. 


Pacific Southwest Section 


Chairman—John Barnes, Moisture 
Register Company, 133 North Garfield 
Avenue, Alhambra, California. 

Vice Koehler, 1969 
Thayer Avenue, Los Angeles 25, California. 

Secretary—Axel Pedersen, 3631 
Vernon Avenue, Los Angeles California. 

Treasurer—E. Feldman, Furniture 
Mfrs. Assn. Southern California, 2155 
Seventh Street, Los Angeles, California. 

Trustee—Harold Jones, Los Angeles, 
California. 


Upper Mississippi Valley Section 

Railway System, 400 West Madison 
Street, Chicago 

Vice Chairman—Fred Loveland, Fred 
Loveland Associates, Route Chippewa 
Falls, Wisconsin. 

Secretary—Ortie LaVoy, 
Timber Sales Company, First National Bank 
Bldg., St. Paul, Minnesota. 

Treasurer—Henry Crandall, Mosinee 
Paper Mills Co., Mosinee, Wisconsin. 


Committees 
Publications 


Chairman—Edward Locke, For- 
est Products Laboratory; Bethel, North 
Carolina State College; Jac Tigelaar, 
Haskelite Manufacturing Corp.; Robert 
Cockrell, University California; 
Grantham, Oregon Forest Products Lab- 
oratory; Arthur Anderson, University 
California; Monie Hudson, Taylor-Col- 
quitt Company; Wangaard, Yale 
School Forestry; Irving Isenberg, In- 
stitute Paper Chemistry; Eric Ander- 
son, New York State College Forestry; 
Behr, Chapman Chemical Company. 
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1955 National Meeting 


Meeting Chairman—John 
Ritchie, Douglas Fir Plywood Association, 
Tacoma, Wash. 

Technical Program Chairman—Moss 
Christian, Chicago Mill Lumber Co. 

Arm- 
bruster, Dow Chemical Company, Seattle. 

Budget and Finance—Robert Pauley, 
Weyerhaeuser Timber Company, Tacoma. 

Publicity—Perry Culp, Cole 
Tacoma. 

Registration and 
Evans, Tacoma. 

Paul Bunyan Hour—Dr. Harry 
Schrader, Jr., Seattle. 

Hotels and Housing—Bob Williams, 
Seattle. 

Groups Meals, Banquet, Entertainment—- 
Earl McCarthy, Seattle. 

Earl McCarthy, 
Seattle. 


Information and Hospitality—John 
ferline, Seattle. 

Transportation and Boat Trip—Bill 
Hempelmann, Seattle. 

Field Trips—A. Walton, Shelton, 
Washington. 

Meeting Equipment and Supplies—Neale 
Warne, Seattle. 


1955 National Nominating 


Chairman—Kenneth Chesley, The 
Crossett Company; Roy Carter, North 
Carolina State College; Arthur Ander- 
son, University California; George 
Marra, Washington State College; Herbert 
McKean, Potlatch Forests, Inc.; Fred 
Wangaard, Yale University. 


Auditors 1954 
Chairman—George Johnson, Decar 
Plastic Corporation; Herbert Fleischer, 
Forest Products Laboratory; Charles 


Thompson, Fitzpatrick Lumber 
Company. 


Credentials 
Pauley, Weyer- 
haeuser Timber Company. 
Employment 
Chairman—Newell Norton, Penn 
State College. 
1956 National Meeting 
Chairman—E. Harrar, Duke University. 


Executive Office Building 


Eason, Nickey Bros., 
Memphis; Hall, Forest Prod- 
ucts Laboratory, Madison; Rovsek, 
F.P.R.S. 


Budget and Finance 


Chairman—Moss Christian, Chicago 
Mill and Lumber. 


Constitution and By-Laws 
Chairman—E. Harrar, Duke University. 


National Membership Committee 


Chairman—Frank Parrish, 
Wakefield Co., Gardner, Massachusetts. 

Executive Office—Robert Smith, Box 
2010, University Station, Madison Wis- 
consin. 

Roy 
Carter, North Carolina State College, 
Raleigh, North Carolina. 


Deep South—W. Lear, The Crossett 
Lumber Co., Crossett, Arkansas. 

Eastern Canadian—H. Stirling Max- 
well, P., Maxwell, Ltd., 5080 St. 
Ambroise St., Montreal, Quebec. 

Anderson, 3630 Peachtree NE, At- 
lanta, Georgia. 

Great Lakes—Harold Sprunger, 
Dunbar Furniture Mfg. Co., 417 
Water St., Berne, Indiana. 

Midwest—Vern Bergquist, Reichhold 
Chemical Co., 7738 West Street, 
Argo, Illinois. 

Northeast—Paul Graham, Box 105, 
Newfane, Vermont. 

Northern California—James Rowney, 
Rowney Machinery Co., Street, 
Oakland, California. 

Ohio Valley—Rowland Garratt, 
Gamble Brothers, 4601 Almond Avenue, 
Louisville, Kentucky. 

Pacific Northwest—Earl McCarthy, 
American—Marietta Co., 2546 Warren 
Avenue, Seattle Washington. 

Pacific Southwest—Axel Pedersen, 
3631 Vernon Avenue, Los Angeles 
California. 

Upper Mississippi Valley—Howard 
Olson, Chapman Chemical Co., Hunter 
Lane, St. Paul Minnesota. 

Inland Empire—T. Veazey, Ana- 
conda Copper Mining Co., Quartz 
St., Butte, Montana. 


Subject Matter Committees 
Subject Matter Committee Coordinator— 
Bescher, Koppers Co., Pittsburgh. 
Chemical Utilization 


Chairman—Reavis Sproull, 
Foundation, Savannah, Georgia; Jerome 
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LOS ANGELES Office and Yards: 
4710 S. Alameda St.—JE 3111 
PORTLAND Mill Sales Office: 
908 Terminal Sales Bldg. 
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Saeman, Forest Products Laboratory, 
Madison, Wisconsin; Robert Cairns, 
Hercules Powder Company, Wilmington, 
Delaware; Vroom, Weyerhaeuser 
Timber Company, Longview, Washington; 
Armin Elmendorf, Elmendorf Corporation, 
West Washington Street, Chicago 
Harry Schwartz, Canadian Forest 
Products Laboratory, Ottawa, Ontario, Can- 
ada; Esterer, Weyerhaeuser Timber 
Company, 2808 Louisiana Street, Long- 
view, Washington; Herbert McKean, 
Potlatch Forests, Inc., Lewiston, Idaho; 
Arthur Anderson, University Cali- 
fornia, School Forestry, Berkeley, Cali- 
fornia; Lewis Wallace, Celanese Corpo- 
ration, Brownsville, Texas; Jeter Eason, 
Nickey Brothers, Inc., 2700 Summer Ave- 
nue, Memphis 12, Tennessee; Powell, 
1201 Volunteer Building, Chattanooga, 
Tennessee; Kenaga, 3907 Robinhood 
Terrace, Midland, Michigan; Walton 
Smith, Hibriten Drive, Asheville, North 
Carolina; Arthur Pollak, 124 40th 
Street, New York 16, New York; Dr. 
Kurth, Oregon Forest Products Laboratory, 
Corvallis, Oregon; Perry, Jr., 
Little, Inc., Cambridge, 
Gardner, Canadian Forest Products Labo- 
ratory, Ottawa, Ontario, Canada. 


Forest Products Education 


Chairman—A. Panshin, Michigan 
State College, B-4 South Campus, East 
Lansing, Michigan; Fred Gottschalk, 
Mackintosh and Truman, Inc., 515 Vance 
Building, Seattle Washington; Herbert 
McKean, Potlatch Forests, Inc., Lewis- 
ton, Idaho; Herbert Fleischer, 
Forest Products Laboratory, Madison 
Wisconsin; Nicholas Poletika, Timber 
Engineering Company, Street, 
W., Washington C.; Frederick 


SYNCO 900 RESINS- 
Engineered for Structural 


give maximum strength light-weight panels. 


addition the thermosetting vinyl adhesives offered the 
SYNCO 900 Series, SYNCO 128 phenolic types available for cold 
press, elevated temperature and high frequency applications are 
unexcelled for durability and performance. 


SNYDER CHEMICAL CORP. 


BETHEL, 


For literature write 
SNYDER CHEMICAL CORPORATION, Bethel, Connecticut 


Wangaard, School Forestry, Yale 
University, New Haven 11, Connecticut; 
Everett Ellis, School Forestry, Univer- 
sity Idaho, Moscow, Idaho; James 
Bethel, School Forestry, North Caro- 
lina State College, Raleigh, North Caro- 
lina. 


Glues and Gluing 


Chairman—Alan Marra, School 
Natural Resources, University Michi- 
gan, Ann Arbor, Michigan; Don Redfern, 
American—Marietta Company, Seattle, 
Washington; Chas. Hemming, 
Plywood Corporation, West 44th Street, 
New York 18, New York; Richard 
Blomquist, Forest Products Labora- 
tory, Madison Wisconsin; Van 
Epps, Stromberg—Carlson Company, 100 
Carlson Road, Rochester, New York; 
Harrar, Duke University, Durham, North 
Carolina; Thomas Cook, National Ca- 
sein Company, 601 80th Street, Chi- 
cago, 


Logging and Milling Committee 


102 Motors Avenue, Upper Darby, Penn- 
sylvania; Roswell Carpenter, 
75th St., (Apt. 4D) Jackson Heights, New 
York; David Thomas, Wash., 
College Forestry, Seattle Washing- 
ton; Leland Hooker, Mich. College Min- 
ing Technology, Houghton, Michigan; 
Gustafson, Westvaco Experimental 
Forest, Georgetown, South Carolina; 
George Carr, Pacific Car and Foundry Com- 
pany, Franklin Park, Illinois; Gerald 
Bell, Forest Products Laboratory Can- 
ada, Ottawa, Ontario, Canada; Milton 
Mater, Mater Machine Company, Corval- 
lis, Oregon; Kenneth Compton, College 
Forestry, Syracuse Univ., Syracuse 10, New 


WOOD HONEYCOMB 


Practical, economical construction for 
many building applications. 


ALUMINUM WOOD 


York; Clevenger, Corley Mfg. Com- 
pany, Chattanooga, Tennessee; John Sims, 
Smith Lumber Company, Chapman. 
Alabama; Myron Kreuger, 
Gianinni Hall, Berkeley, California; Bruce 
Mety, Southern Lumber Company, Warren, 
culture, University Missouri, 
Missouri; Henry Horton, The Prescoit 
Company, Menominee, Michigan; 
Matson, Forest Service, 
Building, Portland, Oregon; Olin Lee, Eu- 
clid Division, General Motors Corp., 9203 
Doyle, Forest Products Laboratories 
Canada, Ottawa, Ontario, Canada. 


Marketing 


ward Hines Lumber Company, 
Washington Street, Chicago 
Company, 2129 Daily 
Chicago Illinois; John Reno, 
Pacific Lumber Company, East Wacke: 
Drive, Chicago Illinois; Fletche: 
Marsh, Marsh and Truman Lumber 
pany, 1463 McCormick Building, Chicago 
Illinois; George Stanley, Jr., Solar- 
Sturges Manufacturing Div., Pressed Stee! 
Car Company, Melrose Park, Illinois; Rob- 
ert Hiller, American Cyanamid 
pany, 3505 North Kimball, Chicago, 
aois; Howard Olson, Chapman Chemi- 
cal Company, Hunter Lane, St. Paul 
Minnesota; Carl Pandel, Marsh anc 
Truman Lumber Company, 


Michigan Avenue, Chicago, Illinois; 
Fitzpatrick, Fitzpatrick Lumber Com- 
pany, 3230 University Avenue, Madison 
Wisconsin; O’Neil, Masonite Cor- 
poration, 111 West Washington 
Chicago, Arthur Lahey, Weyer- 
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haeuser Sales Company, 2091 First Na- 
tional Bank Building, St. Paul Minne- 
sota; Charles White, American Walnut 
Manufacturers’ Assn., 666 Lake Shore 
Drive, Chicago, 


Packaging 


Forest Products Laboratory, Madison 
Wisconsin; Earl Stivers, Package Re- 
search Laboratory, Stapling Machines Com- 
Rockaway, New Jersey; Wat- 
xins, Box 1341, New Haven, Con- 
necticut; William Eisenhauer, Rockwell 
Manufacturing Company, Randolph, Wis- 
onsin; Erickson, Box 245, 
sheffield Avenue, Chicago 13, 
Elston, 1825 Miner Street, Des 
Plaines, Illinois; Weber, 5225 South 
Western Boulevard, Chicago Illinois; 
Macnair, Acme Steel Company, 2840 
Archer Avenue, Chicago Illinois; 
Kinney, Produce Containers, Inc., Weiser, 
Idaho; Eric Engstrom, Sacramento Box 
Lumber Company, Box 1282, Sac- 
ramento, California; Elmer Matson, Pa- 
cific Northwest Forest Range Experi- 
ment Station, Portland Oregon; 
Ripich, 946 Bradley Road, Westlake, Ohio; 
Panshin, Michigan State College, 
South Campus, East Lansing, Michigan; 
Ferrell, Kennedy Car Liner Bag 
Co., Shelbyville, Indiana; David Her- 
rick, Carbondale Forest Research Center, 
Protection Products Mfg. Co., Kalamazoo, 
Michigan; George Stern, Virginia Poly- 
Institute, Blacksburg, Virginia; 
Tegge, Jr., Container Laboratories, 
Quartermaster Food Container Institute 
for the Armed Forces, 1819 West Pershing 
Road, Chicago Illinois; George Gar- 


ratt, Yale School Forestry, New Haven, 
Connecticut; Newell Norton, 
vania State University, State College, Penn- 
Son, Inc., Little Rock, Arkansas; Kenneth 
Dean, Pacific Trade Papers, 211 Mississippi 
Street, San Francisco, California; 
Long, Webhart Corporation, West Un- 
ion Street, Pasadena, California; 
Krohn, California Barrel Co., Ltd., Arcata, 
California; Karl Bollerslev, Oregon Forest 
Products Lab., 17th and May Streets, Cor- 
vallis, Oregon; George Kress, Green Bay 
Box Co., 1406 South Broadway, Green 
Bay, Wisconsin; Long, Container 
Corporation America, North Clark 
Street, Chicago Illinois; Thomp- 
son, Wooden Box Institute, 724 Sharon 
Building, San Francisco, California. 


Quality Control 


Chairman—Charles Latimer, Nickey 
Brothers, Inc., 2700 Summer Avenue, Mem- 
phis 12, Tennessee; Charles Bicking, 
Res. Development Div., Office Chief 
Ordinance, Dept. Army, Washington 
25, C.; Bethel, North Carolina 
State College, Raleigh, North Carolina; 
Robert Ripley, Douglas Fir Plywood 
Assoc., 301 Tacoma Building, Tacoma, 
Washington; Richard Calahan, The 
Singer Manufacturing Co., 2115 Western 
Avenue, South Bend, Indiana; Aubrey 
Wylie, College Forestry, State Univer- 
sity New York, Syracuse 10, New York. 


Veneer and Plywood 


Chairman—H. Fleischer, Forest Prod- 
ucts Laboratory, Madison 
James Bethel, School Forestry, North 
Carolina State College, Raleigh, North 


Carolina; John Bene, Western Plywood Co., 
Limited, 900 Kent Avenue, Vancouver 
15, British Columbia, Canada; John But- 
ler, Hardwood Plywood Institute, 1012 
Crescent Avenue, E., Atlanta, Georgia; 
Moss Christian, Chicago Mill and Lum- 
ber Company, Tallulah, Louisiana; 
Eggers, Eggers Plywood and Veneer Co., 
Two Rivers, Wisconsin; Wayne Hut- 
chins, American Seating Company, Ninth 
and Broadway, Grand Rapids Michi- 
gan; Ericsson Merritt, Ericsson Merritt, 
Inc., 532 Pine Street, Lockport, New York; 
Miller, Forest Products Laboratories 
Division, Forestry Branch, Ottawa, Onta- 
rio, Canada; John Ritchie, Douglas 
Fir Plywood Association, Tacoma Wash- 
ington; James Roberts, Development 
Center, Weyerhaeuser Timber Company, 
Longview, Washington; Russell Stadelman, 
Nickey Brothers, Inc., 2700 Summer Ave- 
nue, Memphis 12, Tennessee; John 
Sweeney, Aetna Plywood and Veneer Com- 
pany, 1731 Elston Avenue, Chicago 22, 
Illinois; Walton, Simpson Logging 
Co., Shelton, Wash.; Charles White, 
American Walnut Manufacturers’ Assn., 
666 Lake Shore Drive, Chicago 11, 


Wood Composition Board 


Chairman—George Marra, Washing- 
ton State Institute Technology, Pullman, 
Washington; Wayne Lewis, Forest 
Products Laboratory, Madison Wiscon- 
sin; Beil, Curtis Co., 114 
Twelfth Avenue, Clinton, Iowa; 
Miller, Miller Hofft Inc., Richmond, Vir- 
ginia; Palmer, Masonite Corporation, 
111 West Washington Street, Chicago, 
Illinois; Arthur Mottet, Long-Bell Lum- 
ber Company, Longview, Washington; 


Columbia-Hudson 
Lumber Company 


Manufacturer 


Douglas Fir 


The Delmhorst Moisture Detector 


inexpensive, easy-to-use instrument that 
quickly tells the moisture content any wood 
species that you can take immediate steps 
prevent shrinkage, warpage and delamination 
before losses occur. 


and 
Melsan Treated 


Western Hemlock 
complete descriptive bulletin con- 


cerning Delmhorst Moisture Detectors 
available. Write for your copy. 
charge obligation, course. 


DELMHORST INSTRUMENT COMPANY 
BOONTON NEW 


Lumber 


Bradwood, Oregon 
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Thomas Martin, Monsanto Chemical 
Company, Springfield, Massachusetts; 
Campbell, American Manufacturing Co., 
Tacoma Washington. 


Wood Drying 


Oregon 
Forest Products Laboratory, Corvallis, Ore- 
gon; Raymond Rietz, Forest 
Products Laboratory, Madison, Wisconsin; 
Fred Dickinson, Department Wood 
Technology, University Michigan, Ann 
Arbor, Michigan; William Delmhorst, 
Delmhorst Instrument Company, Boonton, 
New Jersey; Victor Clausen, California 
Redwood Association, 
Eureka, California; Pat Williams, Jr., 
Moore Dry Kiln Company, North Wilkes- 
boro, C.; Marshall, 541 Huma- 
son Avenue, Lufkin, Texas; Harold 
Rhodes, Bolton Sons, Lawrence, 
Mass.; Prof. Harold Gatslick, College 
Forestry, State University New York, 
Syracuse 10, New York; Guernsey, 
Forest Products Laboratory, University 
British Columbia, Vancouver, British Co- 
lumbia, Canada; Jorgensen, III, 
Mfg. Co., Box 4605 
North Station, Memphis, Tennessee; Paul 
Lane, Forest Utilization Section, For- 
estry Branch, Tennessee Val- 
ley Authority, Norris, Tennessee; 
Millett, Forest Products Laboratories 
Ottawa, Ontario, Canada; 
Smith, California Forest Range Exp. 
Box 245, Berkeley California. 


Wood Finishing Committee 


Chairman—E. Sigurd Johnson, Industrial 
Engineering Department, North Carolina 
State College, Box 5547, Raleigh, North 
Carolina; Clatworthy, Radio Corpo- 


ration America, 501 Salle Street, 
Indianapolis Indiana; Quigley, The 
Lilly Company, High Point, North Caro- 
lina; Thomas, Sherwin—Williams 
Company, Chicago, Illinois; Willis Mar- 
tin, Grand Rapids Varnish Co., Grand 
Forest Products Laboratory, Madison, Wis- 
Victor Division, Camden, New Jersey; Ben 
Craft, Grand Rapids Varnish Co., 
Grand Rapids, Michigan; DeSaix, 
Box 1574, High Point, North Carolina; 
George Sward, National Paint, Varnish 
Lacquer Assoc., Washington, 


Wood Machining and Equipment 


Chairman—L. Patronsky, Wabash 
Screen Door Company, 2222 Elm 
Street, Minneapolis, Minnesota; 
Reineke, Forest Products Laboratory, 
Madison, Wisconsin; Norman Bye, 
Henry Disston Sons, Inc., Unrah Mil- 
nor Streets, Philadelphia 35, Pennsylvania; 
George Stanley, 1436 Morgan Avenue, 
Flinchbaugh, York, Pennsylvania; Russell 
Gray, Diehl Machine Works, 189 
North Miami Street, Wabash, Indiana; 
pany, 3906 Avenue, Birmingham, 
Alabama; Brooks, Victory Carbide 
Saw Tool Co., 915 North Mitchell Ave- 
nue, Arlington Heights, Illinois; 
Saix, Box 1574, High Point, North 
Carolina. 


Wood Preservation 


Past-Chairman—W. Darwin, Norris, 
Tennessee. 

Acting Hatfield, Mon- 
santo Chemical Company, 1700 2nd 


interior paint lovely House Garden Magazine 


Mautz Rubber Satin first latex base 


Paint- 
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Street, St. Louis Missouri; Monie 
Hudson, Taylor Colquitt Corporation, 
Spartanburg, South Carolina; Ralph 
Bescher, Koppers Co., Inc., Pittsburgh, 
Pennsylvania; Henry Hicock, Connec- 
ticut Agric. Exp. Station, Box 1106, New 
Haven, Connecticut; Robert Zabel, State 
University New York, College For- 
estry, Syracuse 10, New York; Lincoln 
Mueller, Rocky Mountain Forest Exp. Sta- 
tion, Ft. Collins, Colorado; Walter Ring 
Lumber Company, Longview, 
worth, Inc., Box 525 RFD Tampa 
Florida; Gardner Garlick, Protection 
ucts Mfg. Co., 2305 Superior 
Kalamazoo 99, Michigan; Lawrence Leney, 
Department Forestry, University Mis 
souri, Columbia, Missouri; Oscar Blew, 
Forest Products Laboratory, Madison, 
Wisconsin; Anderson, Northern 
Rocky Mountain Forest Exp. Station, Mis- 
soula, Montana; Angell, 
Co., Orrville, Ohio; Charles Walter: 
Forestry Department, University Illinois 
Urbana, Eldon Behr, 
Chemical Company; Derman Building 
Memphis Tennessee; Mark Lehrbas 
Southern Forest Experiment Station, 
St. Charles Avenue, New Orleans, 
ana (13); McGehee, Wood 
ing Chemicals Co., The Downs, Tu:- 
caloosa, Alabama; Alan Marra, 
Natural Resources, University 
igan, Ann Arbor, Michigan; Meye 
Dow Chemical Company, Midland, Mic! 
igan; Kelso, Chapman 
Company, Memphis, Tennessee; 
Buehler, University Florida, 
Florida; Mayfield, Barrett Divisior, 
Allied Chemical Dye Corporation, 
Rector Street, New York, New York. 
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EASY APPLY 
PAINTY ODOR 


RUBBER SATIN 


GARDEN magazine colors 


MAUTZ 


PAINT VARNISH COMPANY 
939 Washington Ave. 
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Around the World Forest Products 
Research and Development Hunt 


Sawmill Workers Training and Research Austria 


LAND AREA Austria about 
34,000 square miles, which 
percent timbered. There 
over 6,000 sawmills the coun- 
try, providing full-time part-time 
work some 24,000 sawmill work- 
ers. Obviously, the average sawmill 
small affair, employing about 
people. There are some large mills 
that have been modernized since the 
war with the loan Marshall Plan 
funds and are staffed and equipped 
manufacture lumber accurately and 
efficiently. There are many more 1-man 
2-man mills using inadequate and 
ancient equipment, frequently operat- 
ing only part time, for the purpose 
supplying local needs only. Many 
the operators and workers the small 
mills follow the methods handed 


down them from previous genera- 


tions, without much infiltration new 
ideas. 

The educational system Austria 
provides vocational training through 
the apprenticeship method. Every boy, 
upon reaching the age must, 
with the help his parents ad- 
visors, choose his vocation and begin 
training for it, even though may 
later progress higher education 
and learned profession. The normal 
procedure apprentice the boy 
practicing the vocation his choice. 
Thus boy who chooses mason 
apprenticed mason, one who 
chooses carpentry apprenticed 
carpenter, and one who chooses saw- 
milling his vocation starts work 
boy thus apprenticed works his job 
for years and taught the vocation 
his master. one day each 
week goes special school for 
training studies that his master 
not equipped teach and for special 
training his craft. Instead one 
day week, his schooling may con- 
centrated into weeks continuous 
schooling each year apprentice 
school (Berufsschule). the end 
his 3-year apprenticeship, upon 
becomes journeyman craftsman and 
certificate that effect. 
There only one apprentice school 
for sawmill workers Austria, lo- 
near Salzburg, and boys 
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are sent from all over the country 
for their 8-weeks annual schooling. 
The school operates throughout the 
year and thus can take care num- 
ber 8-week groups. 

The foregoing apprenticeship and 
schooling program the normal one 
and probably most boys follow it. 
They may, however, full-time 
vocational school (Fachschule) for 
years instead becoming appren- 
tice. order so, boy must 
pass examinations and special tests, 
get certificates from the Labor Office, 
and have the consent the Fach- 
schule authorities. then goes 
the Fachschule for years where 
gets better schooling than the appren- 
tices and taught craftsmanship 
several trades broader basis than 
the apprentices are taught. During 
each summer vacation period boy 
the Fachschule must work for weeks 
trade, for experience. the end 
his years, and after passing the 
qualifying examination, 
gets certificate qualified worker, 


which allows him work trade 


normal wages, the same way 
boy who has been taught the ap- 
prenticeship method. better 
fitted for life and advancement, how- 
ever, and has broader training than the 
boy who has had only the regular ap- 
training. There was full- 
time vocational school Austria for 


sawmill workers the autumn 
1953, but that time one was started 
Kuchl, along with the apprentice 
school, which has been operation 
small way for about years. 

The farsighted leaders the saw- 
mill industry have recognized the need 
for improved sawmill equipment and 
methods and for better training 
sawmill workers and operators and 
have organized the School Association 
for Austrian Sawmill Workers (Schul- 
verein der Osterreichs). 
The principal purpose this Associa- 
tion support the sawmill schools 
Kuchl, provide short courses for 
owners and operators, purchase and 
install experimental equipment for re- 
chines and methods, and install 
demonstration sawmill where the best 
methods and equipment for sawing, 
planing, drying, grading, and storing 
lumber may demonstrated actual 
practice. very ambitious pro- 
gram but well worth major effort 
put into operation. 

Thus far they have able 
expand and greatly improve the ap- 
prentice school for boys that was 
struggling along with inadequate facil- 
ities 1946 and get the full-time 
vocational school started. They have 
also conducted numerous short courses 
few days’ duration for sawmill 
owners, operators, and foremen, 


bring them date improved 
methods and equipment and stimulate 
their desire improve their own op- 
erations. Both the schools and the 
short courses are intended self- 
supporting through the fees charged 
cover the cost teaching and liv- 
ing expenses, but they not pay for 
the buildings for the equipment 
used. 

The accompanying illustration the 
architect’s drawing the completed 
institution Kuchl. 

The great problem the school 
Kuchl financial. Money scarce 


Austria and interest rates borrowed 
money are too high for any nonprofit 
organization. The plans for the insti- 
tution are excellent and when com- 
pleted will make center for saw- 
mill research and training that will 
outstanding and perhaps unequalled 
dustry through the School Association. 
anywhere. The buildings thus far con- 
structed have been 
through grants Marshall Plan funds 
and contributions from the sawmill in- 
This Association, whose president and 
driving spirit Ing. Josef Schleussner, 
prominent sawmill owner, architect. 


and builder, subsidiary the Aus- 
trian Sawmill Association (Verband 
der The leading men 
the latter association are Mr. Rei- 
singer and Hofrat Dr. Ceschi. 
these men and those associated with 
them belongs the credit for the excel- 
lent planning for the school and 
search center Kuchl and for the 
progress that has been made datc 
against most discouraging obstacles 
Their persistence and drive 
eventually bring the institution 
their dreams into full reality and use 
fulness. 


Abstracts Important Wood Industry Publications 


Physical and Mechanical 
Properties 


Factors affecting the formation 
heartwood Douglas Fir (Pseudot- 
suga taxifolia, Britton). Rep. B.C. 
Dep. Lds. For. 1952, 1953 (36-8). 

whether would possible silvi- 
cultural measures, accelerate the for- 
mation heartwood Douglas Fir. 
The investigation not complete, but 
preliminary results indicate that all 
trees studied there intermediate 
zone between the heartwood and sap- 
wood. which visible the naked 
cye. This intermediate zone generally 
extends from ground level point 
some distance above the top the 
heartwood; its maximum width does 
not occur the lower levels, but higher 
the stem. The moisture content 
this intermediate zone was appreciably 
lower than that the sapwood, not 
only along the boundary the heart- 
wood but also above the top the 
No. 


Lawson, I., and Simms, 
The ignition wood radiation. 
British Journal Applied Physics, 
London (9), 1952 (288-92). 
refs. 

The minimum intensities irradia- 
tion required ignite wood, with and 
without the presence pilot flame, 
have been determined, and found 
approximately constant for nearly all 
six species tried. Empirical expressions 
have been obtained which relate the 
time taken ignite with the intensity 
irradiation and the oven-dry density 
the wood for these two types 
ignition. summary. Forestry 
Abstracts, 15, No. 


Glues and Gluing 


Vorreiter, Die Tropenfestigkeit 
von Leimverbindungen. Motivenber- 
icht zum Normblattenwurf. [Resist- 
ance glued joints tropical con- 
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ditions. report for suggested 
standard.} (143), 1950 

Test ‘climates’ for glued specimens 
should have the following character- 
istics: (1) tropical rain-belt climate: 
40° and 96% relative humidity; 
(2) tropical dry belt (a) day: 60° 
and 10% r.h., night: 10° and 
15% r.h. The use two values 
joint strength suggested: the 
dro’ strength for conditions (1), 
and ‘solar’ strength for conditions 
(2), the latter being determined 
tests where temperature 60° 
(from visible, ultraviolet 
red radiation) alternates with 10° 
every hours. Besides these 
strengths, the author suggests deter- 
mining others, viz.: (3) ‘solhydro’, 
combining the dry and wet tropical 
conditions, (4) ‘arid tropical’ (includ- 
ing attack termites), (5) ‘hydro 
tropical’ (including attack moulds 
and termites), and (6) ‘all tropical’ 
(comprising 1-5). The use Spruce 
instead Pine test material rec- 
ommended. Forestry Abstracts, 15, 
No. 


Guiher, The effect alkyl- 
substituted phenolic adhesives the 
bonding Douglas Fir veneer. 
Abstr. thesis Dissert. Abstr. 
(4), 1953 (475-6). State 
College.} O.R.S. 

The following 
were reached from results series 
experiments: (1) The shear 
strength plywood bonded with dif- 
ferent resins decreased the order 
m-cresol-formaldehyde, phenol-formal- 
dehyde, m-ethylphenol-formaldehyde, 
resins. (2) Plywood strength increased 
with the increase sp. gr. veneer. 
(3) Plywood strength increased with 
the addition walnut-shell flour 
resin solids. (4) Maximum ply- 
wood strength was reached 9-16 
days after bonding. [Forestry Ab- 
stracts, 15, No. 


Gefahrt, Elektrische Wider 
standsverleimung. [Gluing with 
trical resistance heating.} Holz 
(10-12), 1952 (246-9; 275-7; 294 
5). refs. [G.} P.R. 

Discuss the efficiency 
heating, form and size heating 
ments, the source current, and pos 
sibilities use. [Forestry Abstracts. 
15, No. 


Edwards, 
heating applied the 
case ends. For. Prod. News 
Aust. No. 194, 195 
(1-2). 

Describes briefly 
press designed for continuous edge 
gluing rate was joints/min., repre- 
senting energy dissipation 450 
watt sec./sq. in. glueline. esti 
mated from the results that equipment 
using dielectric heating and costing 
roughly £2000 will have the same 
put mechanical jointer costing 
about £12,000. [Forestry Abstracts, 
15, No. 


Veneer and Plywood 


Lutz, Cutting and drying prop- 
erties Redwood vtneer. Veneer: 
Plyw. (8), 1953 (8-9, 30-1). 
P.R. 


Presents some results tests 
Madison, and information gained 
from industrial observation, relating 
the selection and preparation 
logs Sequoia sempervirens, 
cutting, drying, yield gluability. [Fo: 
estry Abstracts, 15, No. 

Sconce, Paper, Fir venecr 
‘wedded’ 
Veneers Plyw. (5), 1953 
32-4). 

Discusses the merits ‘Ply-Veneer 
new product consisting kraft co: 
tainerboard (made from Douglas 
chips) and specially 
{Douglas} Fir veneer. [Forestry 
stracts, 15, No. 
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mountain DIFFERENT containers... 


WRITE for full data—and send 
the blueprints your con- 
tainers any other production 
fastening job. reply with 
careful analysis and recommen- 
dations. 
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SARANAC Co. 


you recognize your container here? SARA- 
NAC Machines make these kinds—and many 
more. And SARANAC Containers are 
are stronger—because they’re stapled. That means 
extra safety for shipping America’s industrial— 
and agricultural—products. 


addition, SARANAC Machines set amazing 
cost and production records. Consider the 
Model (shown left) for example 


operation, produces 1200 lineal inches 
cleated box panels per minute. Actual 
installations with crew people are 
producing what formerly required peo- 


ple and machinery investment costing 
twice 


Perhaps this—or similar equipment—can the 
same for you. SARANAC offers years’ ex- 


perience and many types machines fit any 
production requirement. 


BENTON HARBOR, MICH. 


Manufacturers the World’s Largest Line Wire Stapling Machinery 
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BUSINESS OUTLOOK 


The plentiful sup- 
ply mortgage money 
has inspired home- 
building boom which 
eclipsing the '53 per- 
easier 
terms consumer in- 
stallment loans kicked 
consumer spending 
all-time high the 
second quarter this 
year, and the trend 
still upward. 


FURNITURE SALES GAIN 

rders climbed over 
July activity equal 
year-ago figures for 
the first time 1954. 
Shipments mounted 32% 
over the month-earlier 
mark score the larg- 
est July-August in- 
crease three years 
and came within the 
August level. For 
the year date, ship- 


INDUSTRY NEWS 


NLMA Annual Meeting 


How the lumber industry can boost 
sales through more aggressive merchan- 
dising and greater product publicity 
will the theme the 1954 annual 
meeting the National Lumber Manu- 
facturers Association, Executive Vice 
President Leo Bodine announced to- 
day. The meeting will held Nov. 
8-10, the Shoreham Hotel, Wash- 
ington, 

About 100 the nation’s leading 
lumber producers, including FPRS Na- 
tional President Lester Carr, will at- 
tend the meeting map strategy for 
promoting greater use lumber the 
year ahead. Special sessions will de- 
voted reviewing and planning the 
association’s public relations and trade 
promotion programs. Mr. 
members the NLMA staff and Stand- 
ing Committees will explain what the 
association has done the past 
months spur sales lumber and 
wood products. 

feature the meeting will the 
premier new color motion picture, 
Timber Construction,” re- 
leased the Timber 
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ments are 13% short 
comparable '53 volume. 


SOFTWOOD LUMBER 
PRICES FIRM—Despite the 
recent prolonged 
strike, mills 
Douglas-fir region re- 
port prices above pre- 
strike levels. Several 
factors: log are 
about depleted, big 
Government orders are 
awaiting early deliv- 
ery, mills not affected 
the strike now cut- 
ting back operations 
the larger plants come 
back into the market. 
last report production 
had climbed 75% 
normal output and ex- 
pected accelerate. 


—Veneer Newsletter. 


NEW CONSTRUCTION 
SOARS—The value new 
construction work put 


Company. Another highlight will 
panel discussion merchandising pro- 
grams the lumber industry, wood’s 
role the construction picture, and the 
architect’s interest wood. 


Architectural Woodwork Institute 
Meets Chicago 


second annual conven- 
tion was held the LaSalle Hotel, 
Chicago, October 15th and 
16th. President Charles Rine- 
himer discussed the effect the 257- 
member Institute’s first year’s pro- 
sion. 


Wood Preservers Meet 


September 15, 16, the an- 
nual congress the Western-Euro- 
pean Institute for Wood Preserva- 
tion was held Naples, Italy, ac- 
cording Sec. van Hengel, 
The Hague, Netherlands. Represen- 
tatives government authorities, 
scientific institutes, in- 
dustry the field wood preserva- 
tion twelve countries were pres- 
ent. Progress reports the preser- 
vation timber with creosote oil 


place increased sea- 
sonally July reach 
new all-time monthly 
high $3.5 billion. 
Recent new gains pri- 
vate housing starts 
plus record volume 
new construction 
tracts during the first 
half the year vir- 
tually assure con- 
tinuation this un- 
precedented rate con- 
struction activity 
during the next succeed- 
ing months. 

Private construction 
set new monthly record 
July, expanding 
somewhat more than sea- 
sonally $2,577 mil- 
lion. The value resi- 
dential building put 
million, percent 
above the year-ago level 
and higher than any 
month since October 
1950. Public construc- 
tion outlays went per- 
cent over July year 
ago. 


—Construction and Building Materials. 


and with salts, and statistics and 
service records the use im- 
pregnated wood were made. Length- 
ening the serviceable life 
wooden railway sleepers, and im- 
pregnation building timber were 
also discussed. 


Small Sawmill Performance 
Standards Project 


meeting the A.S.M.E. Com- 
mittee B-66 will held the En- 
gineering Societies’ Building New 
York City Nov. 29, according 
Thomas Perry, Moorestown, 
Chairman. This committee 
ance standard, confined allowabl: 
variations thicknesses produced 
for small sawmills throughout 
country. will hear two reports. 
One, draft proposed perform- 
ance standard committee task 
force; and two, progress report 
the FPRS Logging and Milling Com 
mittee headed Fred Simmons 
Upper Darby, Pa., the 
tion “Small Sawmill Operator’ 
rough draft form. 
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For Full 
and Entry Blanks 


WRITE 


PHONE 


Address 


MERIT CONTEST 


Forest Products Research 
Society’s Annual Meeting 


JUNE 20-23 
Seattle, Washington 


RECOGNITION 
OUTSTANDING SERVICE 
THE PROMOTION 
AND woop 
UTILIZATION 


All Associations and Firms 


Firm Association Name 


Title 


ALL CONTEST ENTRIES MUST WHEATON MARCH 31, 


FPRS 


Please forward full information about your AWARD MERIT CONTEST 


1955 


Editor, WOOD WORKING DIGEST 
222 Willow Ave., Wheaton, 
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New Hydraulic Slab 
De-Barker Successful 


Wholesale recovery pulpwood 
chips from both large and small mill 
slabs promised the successful 
operation the South’s first 
concentration Clancy For- 
est Products, Inc., Decatur, Ala. 
The heart the new plant 
hydraulic slab de-barker designed 
Clancy and constructed Jackson 
Industries, Birmingham, Ala. 
ciency the Machine,” Mr. Clancy 
cord for barky slabs and edgings 
delivered our yard. That’s sufh- 
cient incentive for mills much 
miles away offer their full 
production pine slabs. Available 
slab supply will more than meet the 
needs our weekly production 
500 cords chips.” 


Forestry Students Receive 
TECO Certificates 


Three outstanding forestry school 
students from Michigan, Indiana, 
and North Carolina were awarded 
special certificates recently mark 
their successful completion ten- 
week course wood technology 
and utilization the Washington, 
laboratory the Timber En- 
gineering Co. The three students, 
who received their TECO training 
under $500 scholarships awarded 
NLMA are Ulric Lindholm, Mich- 
igan State; Hugh Angleton, Pur- 
due; and Robert III, 
North Carolina State. 


Pulp Companies Employ 
1,515 Foresters 


Pulp companies the now 
employ average nine foresters 
for each the 171 firms using pulp- 
wood, according study made 
the American Pulpwood Association. 
More than half, 868, are forest 
management compared with 263 
engaged seven years before. Accord- 
ing Bromley, APA Exec. 
Sec., comparison shows that 
pulp companies’ employment pro- 
fessional foresters for management 
woodland increased 300 percent 
between 1945 and 1952.” 


SOCIETY NEWS 


FPRS Executive Board Meeting 
Denver Sept. 20, 


The FPRS Executive Board met re- 
cently Denver review among 
many subjects, contract bids and 
final drawings and specifications for 
the proposed new FPRS executive 
office building erected Mad- 
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ison, Wisconsin. The building will 
embody the latest wood construc- 
tion and design throughout. Also 
agreed upon was general plan for 
enabling various segments the 
wood industries contribute mate- 
rials for the building. (In near 
future issue the 
artists sketch and floor plans the 
building will shown). The Board 
also selected Buffalo, New York, 
the site for the 1957 National Meet- 
ing with close cooperation between 
the Eastern Canadian and Northeast 
Sections. 


New FPRS Publication Price 
List Available 


newly printed FPRS catalog 
publications. Covers the four 
types FPRS publications, namely, 
the Journal the FPRS, the Annual 
Proceedings numbers, the Wood 
Technology Series booklets, and 
many the Individual Reprints. 
This up-to-date catalog lists every 
article and contents every pub- 
lication since 1947. Write Box 2010 
University Station, Madison, Wis. 


President Carr Swing 
FPRS Meetings 


Lester Carr, FPRS President 
and general manager, Carr Co., 
Sacramento, Calif., has started 
extensive fall tour nine FPRS and 
other association meetings. Carr, 
president, 
plans attend least one each 
the meetings the FPRS sec- 
tions during his year office. 
this swing will attend the Caro- 
meeting Ashe- 
ville, N.C., Oct. and 12; the 
Ohio Valley Section meeting Oct. 
and Louisville, Ky.; the 
Pacific Northwest meeting Cor- 
vallis, Ore., Oct. and 26; the 
Northern California meeting Chi- 
co, Oct. 28; the Upper 
Mississippi Valley meeting St. 
Paul, Minn., Nov. and and 
the Northeast meeting Nov. 
and New York City. 


FPRS Salutes Its Newest 
Supporting Member 


are proud announce that 
The Dean Company, Connelly, 
President, 666 Lake Shore Drive, 
Chicago, recently became sup- 
porting member the The 
Dean Company manufactures fine 
veneers and lumber. Ted Connelly 
has long been active FPRS events 
the Midwest Section. 


1955 and Wood 
Award Announced 


With the economy geared 
toward decade more unpreced- 
ented demand for products our for- 
ests, the need for more 
technically-trained men grows 
portance with each passing year. 


One the more positive programs 
this direction has been the Wood 
and Wood Products Award, sponsored 
since its inception 1948, Vanc 
Publishing Company, 
year this publisher offers $500 
awarded the two students 
the most significant contributions 
industry. The 1955 Awards will again 
presented conjunction with FPRS 
Ninth National Meeting 
Washington, June 1955. 
winner the outstanding 
paper will receive $350; and the win- 
ner the undergraduate competition. 
$150. The former will also 
aged present his paper 
meeting. 

Subjects may any choosing 
which makes fundamental 
tical contribution the industry, 
way research, development, produc 
tion, utilization marketing. Papers 
should based work completec 
subsequent 1953-54 academic 

Entries should submitted prior 
May 10, 1955, through the Executive 
Office the Society, Box 2010, Uni- 
versity Station, Madison Wisconsin, 
for consideration the Education 
Committee, administrators 
Award. Chairman for the graduate and 
undergraduate judging committees are, 
respectively, Robert Blumenstein, 
Laboratory Manager, Timber Engineer- 
ing Company, Washington, D.C.; and 
Prof. Everett Ellis, School Forestry, 
University Idaho, Moscow, Idaho. 


Wood and Wood Products 
winners recent years have included 
number men who have since 
achieved considerable distinction the 
industry. Among these are Nicholas 
Poletika, Timber Engineering Com- 
pany, Preston, the staff the 
University Michigan, and most 
cently, Charles Morschauser, the 
staff the Oregon Forest Products 
Laboratory, Corvallis, Ore. 


Automation Feature 
Northeast Section Meet Nov. 


Executives, key production 
research men wood products 
dustries are now registering for 
fall meeting the Northeast 
tion, Forest Products Research 
ciety which being held 
Prince George Hotel New 
City, November 4th and Sth, 
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75" 
Mechanical Feed 
Chipper 


Produce quality specification size pulp 
wood chips from sawmill waste, slabs 
and edgings with the new MURCO Mechanical Wastewood Chipper. The 
design this machine incorporates the performance proved features standard 
MURCO Round Wood Chippers plus newly designed mechanically operated 
spout for feeding sawmill waste wood into the disc knives controlled 
rate speed that assures utilization all the wood yet holds slivers and 
odd sized chips minimum. 


MURCO Mechanical Feed Waste- 
wood Chipper installed 
lumber Co., Bellamy, Alabama 


Mechanical spout feed mechanism speed synchronized the speed the 
disc assure uniform chip length. 


specially designed wood holding device installed after the feed rolls 
holds the wood against the disc knives reducing slivers minimum. 


COMPLETE PROPOSAL. 
GIVE THIS INFORMATION: 


Spout can arranged for either horizontal angle feed option. 


Drive can either electric motor Diesel engine. the main drive electric 
Dimensions largest slab. motor, then the feed mechanism driven small reversible electric motor. 
Will chips conveyed pneumatically. Diesel engine operated, then the feed mechanism driven with reversible 
5. Type of drive desired — Diesel or power takeoff. 


electric. 


Chipper can equipped with chip blower housing for pneumatic chip con- 
veying desired. 
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new science automation (Wood 
the Move) will featured 
this meeting part technical 
program developed upon the theme 
News Wood. 


Two all-day sessions will held 
Thursday and Friday, beginning 
9:00 a.m. and ending 5:00 p.m. 
The program will consist four 
sessions devoted to: What Works 
With Wood, New Wood 
Processing, Being Done With 
Wood, and Wood Problems. Discus- 
sion groups will headed experts 
their respective fields for the dis- 
cussion wood industry problems 
common the Northeast. 


Subjects the technical sessions 
will include: Particle Board; New 
Aspects Non-Destructive Test- 
ing; Quality Control Veneer; 
Problems Fabricating Helicopter 
Rotor Blades; 
Arms; New Developments Wood 
Preservation; Alkali and Acid Resist- 
ant Impregnated Wood; Chem Dry 
Process (for finish coatings); Phenol- 
Formaldehyde Wood Coating Re- 
sins; Automatic Control Techniques 
Processing Wood Products; Ap- 
plication Cutter Speeds; Custom 
Millwork; Study Cross Sections 
Finished Furniture Panels; and 
other subjects announced. 


Attendance this two-day meet- 
ing not confined FPRS members 
and anyone interested invited 
attend. Reservations may made 
through Wm. Delmhorst, Delm- 
horst Instrument Co., Boonton, 
person the Prince George 
Hotel, East 28th Street, New York 
City any time after 7:00 p.m. Wed- 
nesday, November 3rd. 


SHORT COURSES 


Furniture Finishing Short Course, 
Nov. High Point, 


Sponsored State College, 
the course will conducted the 
School Forestry, the Department 
Manufacturers 
Association the Lilly Co. plant. 
Designed for furniture 
room foremen, their assistants and 
supervisors, the course will include 
the rundown newest materials, 
spraying techniques, equipment, and 
application methods. 
Eugene Starnes, Box 5125, State Col- 
lege Station, Raleigh, N.C. 
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Scenes from Was New Pictorial Book 


Down cedar 1380 years old over which firs grew for 560 years. 


This Was Logging. suberb 
year photographic study logging 
life and times the Pacific North- 
west from the 8,000 print record 
Darius Kinsey with biographical 
story this famed timber photog- 
rapher Ralph Andrews. Shown 
more than 200 finely detailed pic- 


TECO Course Adhesives, 
December 


The five-day course conducted 
for management and production per- 
sonnel furniture, woodworking, 
structural and marine laminating, 
and other wood-using industries. 
For information write Cranch, 
Timber Engineering Co., 1319 18th 
Street, N.W. Washington 


State Kiln Drying 
Course, Dec. 


Rasmussen, Forest Products 
Lab., kiln engineer, Madison, Wis., 
will the chief instructor for 
seven-day kiln drying course 
North Carolina State College Dec. 
Enrollment fee, $50. Reserva- 
tions may made through Prof. 


tures are many views never before 
made public horse and oxen 
logging, inclines, trestles, 
tractors and early trucks, steam saws, 
homesteads people they lived 
and worked the timber from 
1896 1940. Price $8.50 per copy. 
Superior Publishing Co., Box 
2190, Seattle 11, Washington. 


Roy Carter, School Forestry, 


New York State Offers 
Kiln Course 


Dr. Harold Gatslick, 
dry kiln operation short course 
will conducted the College 
Forestry Syracuse, January 
Write Prof. Russell Deckert, 
dustry Service Representative, 
University College Forestry, 
cuse 10, 


Midwest Section Meets 

The Midwest Section held its 
meeting the Forest Products La! 
oratory Madison, Wis., Sept. 
24. highlight the meeting 
curred when 
Wayne Lewis presented 
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Midwest Section group tours prefab plant. 


check Dr. Alfred Hall, North-Central Board Member 
towards the construction the FPRS executive office building. 

Six speakers the program discussed marketing, new prod- 
ucts, finishing, quality control, and conveyors. One the 
speakers, Mallinson, London, England, presented 
Briton’s Appraisal the Timber Trade and Industry the 
United Mallinson, after year this country, was 
impressed with the amount lumber that has been moved 
through the promotion. the afternoon 
the 24th the group toured the grounds Erdman Asso- 
ciates, Madison home builders who are 
currently making two prefab home units per day for distribu- 
tion their sales package. 


NOW 


Your 


WAS 
LOGGING!" 


Rich and refreshing journeys back 
the lusty, colorful Big Woods 
historically important study 
logging from the 8000 print 
record Darius Kinsey with text 
Ralph Andrews. 


The fine public response makes 
this book natural gift for your 
friends and business associates. 
GIFT EDITION 


$8.50 


Postpaid anywhere the 


LIMITED 


Superior Publishing Co. 
Box 2190 
Seattle 11, Washington 


Enclosed is my check or money order for 


copies of ‘‘This Was Logging!"’ 
(and gift list of friends). 


FPRS 


“With the coming Crossett's 
first forester, propagation 
young growth was furthered 
the practice leaving the virgin 
growth seed trees 
spaced intervals throughout the 
forest. Within few years, these 
big trees had effectively re-seeded 
much the area previously cut 
over. From then reforestation 
activities were 
panded. The country's best ex- 
perts forest practices were 
called in. From these consultations 
came modern system 
selective cutting 
yield which adequately provide 
raw material needed for continu- 
ous operations." 


THE COMPANY 


Crossett, Arkansas 
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Midwest Speakers: Haile 


Gluing Characteristics Various 
Eastern Canadian Wood Species. 
determine the inherent gluing char- 
acteristics the more important 
Eastern Canadian species. Available: 
Forest Products Lab. Canada, 
Ottawa, Ont. 


Studies Smooth and Cork-bark 
Alpine Fir. Fibre Length Compar- 
son. These studies were undertaken 
investigate the pulp quality 
wood from these two forms Abies 
Lasiocarpa represented tracheid 
length. Available: Research Paper 
No. Faculty Forestry, Univer- 
sity British Columbia, Vancouver, 

Estimating Volume from Stump 
Measurements. Kenneth Quigley. 
Technical paper No. 142. Foresters 
sometimes have estimate the vol- 
ume timber harvested from the 
stumps that remain after logging. 
order test this stump method 
estimating volume timber har- 
vested, CSFES has 
stumps field sample plots for sev- 
eral years statewide surveys 
forest resources. Available: Central 
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DeBurgh 


Selby 


States Forest 
Columbus, Ohio. 

Marketing Woodlot Products 
the State Washington. George 
Stenzel. Covers: place the small 
woodlot owner the forest economy 
the state, where get advice 
forest management and forest prod- 
ucts marketing, forest laws woodlot 
owners should know, specifications 
and markets, forest products with 
limited marketing possibilities, sum- 
mary marketing methods, truck 
loadings and road classifications, and 
log scale and associated tables. Avail- 
able: Institute Forest Products, 
303 Anderson Hall, Univ. Wash- 
ington, Seattle Wash. 

Volume The Yale Conserva- 
tion Studies. This volume contains 
articles current interest for- 
estry Japan, water pollution prob- 
lems, and the national parks, among 
others. The articles are written 
students and graduates the Yale 
Conservation Program. Available: 
Yale Conservation Program, Pros- 
pect St., New Haven, Conn. Price 
$1.00. 

Effectiveness Flooring Nails 
Versus Toothed Fastener. No. 16. 
George Stern. The 
formed during the study were 


Glass Creden 


fully comparative nature. They pro- 
vide information the 
effectiveness these fasteners 
well their service 
since some the tests were made 
simulate accelerated service condi- 
tions. Available: Virginia Polytech- 
nic Institute, Blacksburg, Va. 


Wire Skidding: Wood Transpor- 
tation Gravity Over 
This book summaries the results 
ten years experimental work 
wire skidding. This gravity trans 
port technique and the 
employed, the result con- 
certed effort develop 
simple and economical method 
forwarding wood down steep slop: 
from stump haul road 
way. This 137-page illustrated 
may purchased from the 
University Book Store, 3480 Unive 
sity St., Montreal, $2.00 
copy. 


The following publications 
available from the Forest Produc 
Laboratory, Madison Wis. 

Variations Fibril Angles 
Slash Pine. Charlotte Hiller 
port No. 2003). This study 
pine was undertaken (a) 
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New Midwest officers meet Speaker Mallinson. Chairman Wayne Lewis presents $1000 check. 


MOST EFFICIENT LUMBER 
SEASONING EQUIPMENT 
OPERATION TODAY 


LOVSTED 
DRY KILNS 


Whatever the specific problem 


CARLETON WOOD PRODUCTS, PAYETTE, IDAHO 


lumber seasoning, there’s solution 
some type Lovsted 
Kiln. These units are without question 
the most efficient kilns operation 
today. They embody such specialized 
features reversible circulation with 
fans positioned create uniform 


drying with lowest possible power 


input per cubic foot air produced. 
BELLEVUE DRY KILN CO., BELLEVUE, WASHINGTON 


Look the engineers Lovsted 
Co., Inc., bring your own lumber 
seasoning efficient operation. 


PROFITS AHEAD WITH LOVSTED 
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further evidence the influence 
age and ring width the size 
fibril angles, and (b) determine 
whether the data indicate that the 
fibril angles may also controlled 
genetic factors. 


Color Tests for Differentiating 
Heartwood and Sapwood Certain 
Oaks, Pines, and Douglas-Fir. (Tech. 
Note No. 253). Three chemical 
color tests have been developed 
which sapwood and heartwood 
certain oaks, pines, and Douglas-Fir 
can readily differentiated. They 
consist the application small 
amount chemical solution across 
the grain the wood. 


Fire Research and Results the 
Forest Products Laboratory. 
Truax. (Report No. 1999). Surveys 
briefly some the fire research that 
has been done the Forest Products 
Laboratory, summarizes the more 
important results, and refers some 
the important work others. 


Inside Wood—A Short Trip Into 
the Interior for the Layman. 
Champion. (Report No. 1995). This 
report explains non-technical 
terms the structure and chemical sub- 
stances which make wood. 


Electrical Moisture Meters for 
Wood. James. (Report No. 
1660). This report lists the makers 
electrical moisture meters and ex- 
plains the operation resistance- 
type and capacity 
quency power-loss types moisture 
meters. These instruments are de- 
signed provide quick, easy, and 
non-destructive quantitative test for 
moisture wood. Instruments now 
available are being used successfully 
for moisture control many forest 
products industries. 

The Role Inspection Wood 
Ladder Safety. Markwardt. 
(Report No. 1994). Examines the 
structure wood and its character- 
istics required for good ladder con- 
struction. Describes proper inspec- 
tion and maintenance procedures for 
safe usage ladders. 


NAMES THE NEWS 


Attend Latin American Meeting 


Dr. Hall, director the 
Forest Products Laboratory, 
Madison, Wis., and FPRS North- 
Central National Executive Board 
Member, and Chidester, Lab. 
pulp and paper expert, left October 


13th for Buenos Aires, where they 
will attend meeting 100 foreign 
experts the pulp and paper in- 
dustry, sponsored the 
F.A.O., and the U.N. help further 
the development pulp and paper 
industries Latin America. 
National Adhesives Appoints Rep. 
the South East area Nationa! 
Adhesives has appointed Robert 
Smith representative, with head 


Norton Head FPRS Employment 

Prof. Newell Norton, head 
Department Wood Utilization 
Pennsylvania State University, 
College, has been 
chairman the recently forme: 
National Employment Committe 
for the FPRS. 


Exec. Sec. Attends lowa State 
50th Anniversary 


Frank Rovsek, FPRS Executiv 
Secretary, attended the two-day 
Anniversary observance the 
partment Forestry, Iowa Stat 
College Ames, October and 


NEW PRODUCTS, 
AND NEWS 


Raybond Laminating Press 


New brochures are available describ- 
ing Raybond Edge-Gluing 


For Better 


HOT PLATE PRESSES 
are Truly Custom Built 


Perfect plywood requires exacting 
control pressure and temperature 
and rigid frame section. These 
are basic WILLIAMS-WHITE Hot 
Plate Presses. 


See our representative nearest you 
write direct for full informa- 
tion. obligation your part, 
course. 


Representatives: 


ALLIED NORTHWEST MACHINE TOOL CORP. 
Portland, Oregon 


WILLIAMS—WHITE CO., Chicago Office 
Maynard, Manager 
West Jackson Boulevard 
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PROFESSIONAL CARDS 


For SPECIALIZED Inspection 


Inspection cross ties, lumber, piling, poles and cross 
arms. 


Inspection the preservative treatment these timber 
products. 


Analyses wood preservatives. 


Our years experience your safeguard. 


Williams Inspection Co. 
Main Office and Laboratories: Mobile, Ala. 
ESTABLISHED 1921—MEMBER 


Have Our Own Inspectors Stationed Throughout 
the United States. 


RAMBO 


INDUSTRIAL PLANT ENGINEER 


Specialist 
Furniture Woodworking Plants 
Sawmills, Veneer Plants 
Paper Mill Wood Rooms 
Hard Board Plants Wood Preserving Plants 
Design, Supervision Construction 
Reports Surveys 


Loyalty Building Portland Oregon 


GRANT SHIPLEY 


Consulting Engineer 
3010 KOPPERS BUILDING 


PITTSBURGH 19, PENNSYLVANIA 


Wood Treating Plants 
Mining Plants 


PAUL WATTS, INCORPORATED 


Distributors and Sales Engineers Forest Products 


Furniture Dimension—Cut Stock—Box Shook— 
Pallets—Lumber 


912-914 Keith Building MAin 5680 
Cincinnati Ohio 


JOURNAL FPRS 


you design it, the 
chances are can make it. 

Our modern plant com- 
pletely equipped for the proper and 
accurate machining most every 
Hardwood Dimension. 


All need are your specifications, 
and will produce W-B Precision 
ood Parts meet your exact require- 
ments White Oak, Red Oak, Poplar, 
Basswood, Maple, Birch Ash. 


All species are Appalachian-grown; 
all lumber properly kiln-dried; and 
all parts precision manufactured. 
Available solid and glued, cut size, 
and machined pattern. 


you have production problem, 
believe can help you. For quick 
service Precision Wood Parts for 
furniture, cabinets and fine boxes; 
mouldings, write phone our 


Asheville office. 


* 


CARG 


ESTABLISHED 1905 
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lumber laminating Method 
operation, specifications are included. 
Write Electronic Heating Corp., 
Needham St., Newton Highlands, Mass. 


New Thermosetting Adhesives 


new series Thermosetting Ad- 
hesives that have two seven days 


stable working periods coupled with 
fast curing hot cold press has been 
announced National Adhesives, 270 
Madison Ave., New York 16, 
Available emulsion solution form 
these adhesives eliminate catalyst addi- 
tion and proportioning, previously the 
most critical step the preparation 
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thermosetting Known 
these products are offered 
emulsions and solutions. Paste forms 
are also available. 


Sales Concern Market 
Laminated Products 

National distribution 
inated arches, beams and other construc- 
tion timber items produced 
American Fabricators division Bel- 
lingham Shipyards Company will 
handled Mackintosh Truman, 
wholesale forest products sales organ. 
ization. The arrangement allows 
management 
concentrate production and 
matters using nation-wide 
organization handle marketing 
glued-laminated products the con- 
struction industry, Fred Gottschalk. 
Truman, explains. 


Wilco Steam Saver Unit 

bulletin describing new 
steam operations with the 
Stansbury Steam Saver announced 
Wilco Machine Works, 1301 
wood, Memphis, Tennessee. 
pletely closed hot 
the unit has demonstrated proven eco- 
nomies fucl and consumption 
and improved capacity veneer dryers, 
plate presses, and shorter cycles 
dering and other cookers. 


FPRS SCOREBOARD 


Bob Smith 


tion idea has been submitted Paul 
Graham, the Membership Chairman 
the Northeast Section. This idea 
calls for three new membership bro- 
chures stressing that through the 
FPRS lies the “key” improving 
your personal growth and education 
wood products, well moving 
the industry forward generally. The 
leaflets will written for the gen- 
cral voting and associate member 
prospect, the student, and the 
quent member. hope have these 
brochures available for use shortly. 

Speaking delinquent members, 
there are large number mem- 
bers who have not yet paid thcir 
1954 dues. This after the 
consecutive invoicing, 
where sit looks like these 
bers will lost few weeks, 
150-200 members 
dropped. are, course, 
stantly gaining new members 
sizeable loss like this detrimen 
the Society whole. you 
haven’t paid your dues yet, wont 
you send your check now? 


1954 


OCTOBER, 


MATTISON IMPERIAL FURNITURE COMPANY 


276 
MOULDER 


March 1953 


REDUCED FITTING Mattison Machine Works 
Illinois 
AND SANDING OPERATION 
Early this year, installed one your 276 
might <@ to know how we are getting along with this 
QUALITY MOULDING WORK 
Here Imperial, manufacture complete line 
FOR high grade tables, and the moulder work must nearly 


operétions, th the addition o 8 Mattison No. 276 

IMPERIAL FURNITURE COMPANY the quality our moulded work has improved substantielly 
while our costs have gone down. 


Our operators find this Mattison No. 276 very easy 
set up, due the accessibility all the 
and controls. Vertical and cross adjustments the 
heads are made positively and quickly, and the hand locking 
wrenches which are attached the machine simplify setting 
the guides. Another feature that "steys put", 
FINDS MATTISON 276 which doubt due the rigid construction, precision 
manufacture, and engineering design. The outboard 
bearings eliminate vibration heavy cuts, and believe 
that any high speed moulder spindle should have 


are confident that this machine will continue 
perform efficiently for a great many years. 


Stays put Yours very truly, 

Vertical and cross adjust- 
made quickly and positively 


bearings 
nate vibration heavy cuts Imperial Furniture Company’s reputation 


for building high quality line tables 
good measure due precise fabrication meth- 


Attached wrenches simplify 
setting guides 


ods which insures consistently accurate re- 
sults and proper fitting all parts. Mr. 
Christy, Plant Manager Imperial, has been 
around the woodworking industry for good 
many years and knows what wants and has 
have the way production and accurate 
results. The above letter telling his experience 
with the Mattison 276 Moulder example 
what this machine doing for good many 
others. For complete information the Matti- 
son 276 High Speed Electric Moulder, ask 
send you our latest free circular. 


YOUR CUST 


needs your help today's competition. 


OMER... 


You are already assisting him with lower prices and better terms? But can't you better? 


Are your products competitive enough are you losing your customer the plant with mod- 
ern equipment which undersells you because cheaper production cost and gives better qual- 
ity boot? 


modern fast working Hot Plate Press can place you the lead when lower prices and bet- 
ter quality are necessary keep your old customers and add new ones. 


Hot Plate Press not EXPENSE well paying INVESTMENT. 
The question which press buy? 


large commitment and good executive you can not too careful. However look 
over the various makes, compare and check with the users. have talk with Kaj 
Winther. Let him explain the features and quality his press and you will find that can 
offer you the highest quality price you can afford pay and terms fit your budget. 


Delivery schedule also important and will see that. 


The special rifle-bored heating plate will amaze you. For smaller units pit required 
and low pressure steam will give you fast curing. 


Ask for our catalog special quotation suitable for your particular operation. 
Then judge for yourself. 


Why not write phone have authorized dealer close you. can answer 
your questions and help you help your customer. 


Get acquainted with him call Winther direct Joliet, Illinois 9200 9209. 


— 
tg 


